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Manual Summary 
Operating Instructions 
Chapter 1. Owners Information 
Contains inspection procedures, specifications, accessories, power requirements, opera- 
tor maintenance procedures and shipment information. 
Chapter 2. Preparation For Use 


Contains control descriptions, pen and paper loading instructions, procedures for run- 
ning the confidence test, plot initialization instructions, installation/operation of the 
digitizing sight, operation of front-panel controls, and installation/operating instruc- 
tions for using the plotter with host computers and terminals. 


Tutorial Information For Programming 


Chapter 3. General Programing Information 
Provides discussions of operating modes, plotter capabilities, functional operation, and 
the philosophy of binary formatting. 
Chapter 4. Basic Programming Functions 
Describes turning the plotter on and off, selecting pens, setting graphic limits and grid 
size, performing moves and draws, and performing incremental moves and draws. 
Chapter 5. Labeling 


Defines the label string, presents the label group instructions, discusses invoking and 
terminating the label mode, altering character size, spacing and slant, selecting a label 
font, defines the format effectors, and provides instructions for label character rotation. 


Chapter 6. Extended Graphic Instructions 


Contains program information for drawing circles and arcs, performing rotations and 
drawing fixed and variable dash lines. 
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Manual Summary (Continued) 
Chapter 7. Macro Instructions 


Defines the macro invoke/terminate instruction, provides examples of defining and 
invoking macros, erasing macros, and using automatic macros. 


Chapter 8. Input/Output Operations 


Contains program information for establishing the output mode, defines the output 
group and the output abort function. Also defines handshake protocol, the input 
operation, and plotter configurations. 


Programming Instructions 


Chapter 9. Parameter Encoding 


Defines parameter types and lengths, describes the binary format functions and pro- 
vides a detailed description of each type parameter used in programming the plotter. 


Chapter 10. Instruction Set 


Defines and describes each Device Control and Graphic Instruction. 


Chapter 11. Interfacing The Plotter 


Provides information on the plotter data connectors, interface wiring, signal charact- 


eristics, control line protocol, transmission errors, and baud rate characteristics. 


Appendix A. Label Mode Character Sets (Fonts) 
Appendix B. Binary Coding Table 


Appendix C. Plotter Status And Error Codes 
Appendix D. ASCII Code Table 


Appendix E. Device Control And Graphic Instructions 
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Plotter Overview 


Figure 1-1. Model 7221B and 7221S Graphic Plotters 


Plotter Function Controls 
and Indicators 


Pen Select Controls 


LINE Switch (on lower deck) 


Pen Arm 


Pen Holder 


Pen Stable 


Platen 


Paper Advance Controls 


Used for operator control and provides indications of 
various plotter functions. Refer to Chapter 2 for a 
detailed discussion of these controls. 


Permits operator selection of any one of four pens in 
the pen stable (item 6). 


Controls application of primary power to the plotter. 
Provides pen movement in the X-Axis. 


Carries plotter pen and provides pen movement in 
the Y-Axis. 


Houses four interchangeable pens. The color of the 
pen loaded in each stall is visible through an aperture 
in the top of the panel. 


Plotting table with electrostatic sheet paper holddown. 


7221S only. 


Chapter 1 
Owners Information 


Introduction 


This manual contains operating and programming information for the Model 7221B and 
7221S Graphic Plotters. 


Both models feature four color plotting, relative and absolute plotting with addressable 
moves of 0.025 mm (0.001 in.), programmable pen velocity, and multiple internal character 
sets. In addition, the Model 7221S is enhanced by the paper advance option. 


The built-in microprocessor controls over forty programmable instructions utilizing com- 
pacted binary language to minimize connect time during communication with a remote 
computer facility. Interface is RS-232-C/CCITT V.24 asynchronous serial ASCII at one of 
eight switch selectable baud rates of from 75 to 2400 baud. 


The level of information in this manual is organized into three categories: overall familiari- 
zation and operation; tutorial programming information; and detailed programming infor- 
mation. Five appendices are also included which contain often used reference material and 
the complete plotter instruction set. 


For further familiarization, it is suggested that the user refers to the complete plotter instruc- 
tion set foldout in Appendix E while studying the information contained in this manual. 


This chapter contains the following information: 


Inspection Procedures 
Plotter Specifications 
Accessories Supplied 
Accessories Available 


Fuse Information 
Line Voltage Selection 
Power Cord Use 
Operator Maintenance 
Shipment Information 


Grounding Requirements 
Power Requirements 
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Inspection Procedures 


The individual parts of your plotter were thoroughly inspected before the unit was shipped 
to you, and the instrument should be in good operating order. Carefully inspect the plotter 
and accessories for any physical damage sustained in transit. Notify the nearest HP sales 
office and file a claim with the carrier if the unit is received in a damaged condition. 


Please check to ensure that you have received all of the items that should accompany the 
plotter. A list of these accessories is contained later in this chapter. If you have any diffi- 
culties with the plotter, if it is not operating properly, or if accessories are missing, contact 
the nearest HP sales and service office; addresses are supplied at the back of this manual. 


WARNING 
The 72215 is a large, heavy device (65 Ib). Do not attempt 
to unpack it or move it to a different location alone. 


To move or unpack the 7221S, grasp the lower support bars at each end and lift the plotter. 


Retain the original packing materials and carton. If the plotter must be shipped, this will 
save having to order new packing materials and a carton from HP. 
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Plotter Specifications 


PLOTTING AREA: 285 x 400 mm (11.22 x 15.75 in.}. Platen will accommodate 280 x 
432 mm (11 x 17 in.) or ISO A3 sheet paper. {In addition, the 7221S will accommo- 
date roll paper perforated at either 11 in. or ISO A3 width. 


PLOTTING ACCURACY: +0.2% of deflection. +0.2 mm (includes linearity and repeat- 
ability). 


REPEATABILITY: Single Pen: 0.10 mm (0.004 in.) from any given point approached from 
any direction. Pen-to-Pen: +0.20 mm (0.008 in.} without resetting zero coordinates. 


ADDRESSABLE RESOLUTION: Programmable with 0.025 mm (0.001 in.) as the smallest 
addressable move. 


MAXIMUM VELOCITY: 360 mm/s in each axis, 509 mm/s on 45° angle. 
PROGRAMMABLE VELOCITY: 36 speeds from 10 mm/s to 360 mmf in steps of 10 mm/s. 
VECTOR LENGTH: Any length within the plotting area. 

CHARACTER PLOTTING: Typically 3 char/s for 2.5 mm characters. 


CHARACTER SET: 6 resident sets; ANSI Standard ASCII, HP 9872A ASCII, European 
Set, Scandanavian Set, Spanish and Latin American Set and Graphic Symbol Set. 

PAPER HOLDDOWN: Electrostatic for sheet paper. Tension for roll paper. ; 

PAPER ADVANCE OPERATION: 7221S only. Programmable control or local control 
with front-panel pushbutton. 


PAPER CUTTER: 7221S only. Programmable contro! or local control with front-panel 
pushbutton. 


WRITING MECHANISM: Disposable fiber tip ink pens. 
PEN POSITION CONTROLS: Remote control by program. Local contro! by front-panel 


pushbuttons. Capable of greater than 20 operations per second. Local control provides 
rates of 4.2 mm/s (slow) and 93.2 mm/s (fast). 


ENVIRONMENTAL LIMITS: 


Operating: Temperature: 0 to 55°C 
Relative Humidity: 5% to 95%, 40°C and below 
Altitude: Up to 4600 metres (15,000 feet) 


Storage: Temperature: -40° to +75°C 
Relative Humidity: 5% to 95%, 40°C and below 
Altitude: Up to 15,500 metres (50,000 feet) 


POWER REQUIREMENTS: 100, 120, 220, 240 Vac; +5 -10%; 48-66 Hz; 180 watts 


maximum. 

SIZE/WEIGHT: 7221B 72218 
Height: 189 mm (7.5 in.) 210 mm (8.3 in.) 
Width: 497 mm (19.5 in.) 858 mm (33.8 in.) 
Depth: 455 mm (18 in.) 455 mm (18 in.) 
Net Weight: 18.2 kg (40 |b) 29.6 kg (65 Ib) 
Shipping Weight: 25.4 kg (56 Ib) 42.5 kg (93.5 |b) 


INTERFACE CABLE: RS-232-C/CCITT V.24 male-to-male. 


INTERFACE: RS-232-C/CCITT V.24 asynchronous serial ASCII with switch selectable 
baud rates of 75, 110, 150, 200, 300, 600, 1200 or 2400 baud. Two port, female 
connectors. 
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Accessories Supplied 


DESCRIPTION QUANTITY PART NUMBER 
Accessory Kit — includes the following items: 1 09872-60070 
Four Color Pen Pack 4 Pkg. of 4 5060-6810 
Digitizing Sight 1 09872-60066 
Dust Cover: 7221B 1 9222-0564 
72218 1 9222-0681 
Male-to-Male Interface Cable 1 07221-60157 


(RS-232-C/CCITT V.24) 


Sheet Paper, Standard Grid, English 10 Sheets 9270-1004 
11x 17 in., 10 grids/in., 10 x 15 in. grid area 


Sheet Paper, Standard Grid, Metric 10 Sheets 9270-1024 
280 x 420 mm, 1 grid/mm, 250 x 380 mm 
grid area 
Roll Paper, English (7221S only) 1 9280-0493 
Paper Tray Assembly (7221S only) 1 17072-60023 
Power Cord 1 (As ordered — 


refer to Fig. 1-4) 


Operating and Programming Manual 1 07221-90014 


Accessories Available 
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DESCRIPTION [ QUANTITY PART NUMBER 
DISPOSABLE PENS 
Red 5 5060-6784 
Blue 5 5060-6785 
Green 5 5060-6786 
Black 5 5060-6787 
Four color pen pack 4 Pkg 5060-6810 
11x 17 SHEET PAPER — ENGLISH 
Blank (10 x 15 in. writing area) 100 Sheets 9280-0180 
Standard grid (10 x 15 in. grid area) 
Heavy paper 100 Sheets 9270-1004 
Lightweight paper 100 Sheets 9270-1005 
Gemkote® paper 100 Sheets 9280-0269 
Semilogarithmic (10 x 15 in. grid area) 
Linear x 2 cycle 100 Sheets 9280-0159 
Linear x 3 cycle 100 Sheets 9280-0160 
3 cycle x linear 100 Sheets 9280-0168 
2 cycle x linear 100 Sheets 9280-0169 
Logarithmic 
2 cycle x 3 cycle (10 x 15 in. grid area) 100 Sheets 9280-0167 
3 cycle x 2 cycle (10 x 15 in. grid area) 100 Sheets 9280-0165 
3 cycle x 4 cycle (10 x 13.33 in. grid area) 100 Sheets 9280-0171 


8% x 11 SHEET PAPER — ENGLISH 


Standard grid (7 x 10 in. grid area) 
Heavy paper 
Lightweight paper 


100 Sheets 
100 Sheets 


9270-1006 
9270-1007 
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Accessories Available (Continued) 


DESCRIPTION QUANTITY PART NUMBER 


8% x 11 SHEET PAPER — ENGLISH (Continued) 


Logarithmic (7 x 9.33 in. grid area) 


3 cycle x 4 cycle 100 Sheets/Box 9280-0172 
50 Box Min. 


Special paper 


Smith chart (7.25 in. diameter) 100 Sheets/Box 9280-0137 
50 Box Min. 
Smith chart expanded 100 Sheets 9280-0147 


(7.25 in. diameter} 


280 x 420 MM SHEET PAPER — METRIC 


Blank (250 x 380 mm writing area) 100 Sheets 9280-0180 


Standard grid (250 x 380 mm grid area} 
Heavy paper 100 Sheets 9270-1024 
Lightweight paper 100 Sheets 9270-1042 


216 x 280 MM SHEET PAPER — METRIC 


Standard grid (180 x 250 mm grid area) 


Heavy paper 100 Sheets 9270-1023 

Lightweight paper 100 Sheets 9270-1027 

Gemkote® paper 100 Sheets/Box 9280-0272 
50 Box Min. 


8% x 11 PAD PAPER — ENGLISH 


Blank {7 x 10 in. writing area) 50 Sheets 9280-0475 
216 x 280 MM PAD PAPER — METRIC 


Blank (180 x 250 mm writing area) 50 Sheets 9280-0476 
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Accessories Available (Continued) 


DESCRIPTION | QUANTITY | PART NUMBER 


ROLL PAPER — ENGLISH 


Roll (200 ft) | 1 Roll | 9280-0494 


ROLL PAPER — METRIC 


1 Roll | 9280-0493 


Roll (61 m) 
OVERHEAD TRANSPARENCY KIT — 170554 
2 
Includes: 
4 pens (blk, red, blu, grn) 0.25 mm tip 1 Pkg 5060-6818 
4 pens (blk, red, blu, grn) 0.7 mm tip 1Pkg 5060-6819 
4 pens (bik, orn, brn, vio) 0.25 mm tip 1 Pkg 5060-6834 
4 pens (blk, orn, brn, vio) 0.7 mm tip 1 Pkg 5060-6835 
Solvent, 29.6 m! (1 fl. oz.) 1 Container 5060-6828 
Transparency film 100 Sheets/Pkg 9270-0639 
{2 Pkgs) 
MANUALS 
7 
7221B Service Manual 1 07221-90012 
7221S Service Manual Supplement 07221-90013 
HP-PLOT/21 Software User’s Manual 07221-90015 


Refer to HP Recorder Supplies Catalog for details of plotter supplies. 


8 Owners Information 
Grounding Requirements 


To protect operating personnel, the National Electrical Manufacturers’ Association (NEMA) 
recommends that the plotter be properly grounded. The plotter is equipped with a three- 
conductor power cable which, when connected to an appropriate power receptacle, grounds 
the plotter to preserve this protection feature, do not operate the plotter from an ac power 
outlet which has no ground connection. 


Power Requirements 


The 72218 and 7221S Plotters have the following power requirements: 


® Line Voltage: 100 Vac + 5%, - 10% 
120 Vac + 5%, - 10% 
220 Vac + 5%, ~ 10% 
240 Vac + 5%, - 10% 


Switch Selectable 


@ Line Frequency: 48 to 66 Hertz 


@ Line Current: 2.3A @ 100V 
2.1A @ 120V 
1.2A @ 220V 
1.1A @ 240V 


Fuses 


WARNING 
TO AVOID THE POSSIBILITY OF SERIOUS INJURY, DIS- 
CONNECT THE AC POWER CORD BEFORE REMOVING 
OR INSTALLING A FUSE. 


There are two ac line fuses which are identified as F1 and F2 in Figure 1-2. Fuse selection 
is as follows: 


FA | F2 


100 or 120 Vac Operation , 3 Ampere 0.5 Ampere 
220 or 240 Vac Operation 1.5 Ampere 0.25 Ampere 
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POWER CORD FUSE F1 FUSE F2 VOLTAGE SELECTOR 
RECEPTACLE SWITCHES 


Figure 1-2, Rear Panel Power Controls 


To change a fuse, disconnect the power cord. Remove the fuse cap by pressing inward 
on the center portion of the holder and twist counterclockwise. To reinstall, insert the fuse 


in the cap and reinstall in the fuse holder. Press on the cap and twist clockwise until the 
fuse locks in place. 


Line Voltage Selection 


CAUTION 
To prevent damage to the instrument make the line voltage 
selection BEFORE connecting the line power. Also ensure 
the line power cord is connected to a line power socket that 
is provided with a protective earth contact. 


Rear Panel VOLTAGE SELECTOR switch settings for the four power sources with which 


the plotter can operate are shown in Figure 1-3. Set your plotter for the power source to 
be used. 
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VOLTAGE SELECTOR 
240: 240) 


120 
120 i) is — 


100 VAC OPERATION 


VOLTAGE SELECTOR 
240 L 240 L 
E120 


(205 A fo 


as) 


220 VAC OPERATION 


VOLTAGE SELECTOR 
240 L 240 L 


126 rf 120 — 


120 VAC OPERATION 


VOLTAGE SELECTOR 
240) 240). 240) 
jaa) IE. 120454 


a 


240 VAC OPERATION 


Figure 1-3. Line Voltage Selection 


Power Cords 


WARNING 

(IF IT IS NECESSARY TO REPLACE THE POWER CORD, 
THE REPLACEMENT CORD MUST HAVE THE SAME 
POLARITY AS THE ORIGINAL. OTHERWISE A SAFETY 
HAZARD FROM ELECTRICAL SHOCK TO PERSONNEL 
MIGHT EXIST. IN ADDITION, THE EQUIPMENT COULD 
BE SEVERELY DAMAGED IF EVEN A RELATIVELY 
MINOR INTERNAL FAILURE OCCURRED. 


Power cords supplied by HP will have polarities matched to the power-input socket on the 
plotter, as shown on the following page. Various types of HP power cords are shown in 
Figure 1-4. 
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Option Number 
BS 13634 
HP Part Number 8120-1351; 250V, 13A, 1¢ plug 900 


rating. (For use in United Kingdom, Cyprus, 
Nigeria, Rhodesia, Singapore) 


Computer 
Museum 


AS C112 


HP Part Number 8120-1369; 250V, 10A, 1¢ plug 901 
rating. (For use in Australia, New Zealand) 


HP Part Number 8120-2857; 250V, 10/16A, 16 902 
plug rating. (For use in East and West Europe, 
Saudi Arabia, Egypt) 


pusilla HP Part Number 8120-1378; 125V, 15A, 1¢ plug 903 
rating. (UL approved; for use in United States, 
Canada, Japan, Mexico, Philippines, Taiwan) 
NEMA 6-15P 
Oo wo HP Part Number 8120-0698; 250V, 15A, 1¢ plug 904 
ia 
8 = rating. {UL approved; for use in United States} 
SEV 1011 
HP Part Number 8120-2104; 250V, 10A, 1¢ plug 906 
rating. (For use in Switzerland) 
DHCK-107 
N L HP Part Number 8120-2956; 250V, 10A, 1¢ plug 912 
(e) fe) F . 
I rating. {For use in Denmark) 


NOTE: All plugs are viewed from connector end. 
@ L = Line or Active Conductor (also called “‘live’’ or ‘hot’’) 


@ N = Neutral or \dentified Conductor 
@ E = Earth or Safety Ground 


Figure 1-4. Types of Power Cords 
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Operator Maintenance 


Thorough cleaning should be performed periodically. Intervals are determined by the 


type of operation, local air contamination and climatic conditions. The cleaning should 
include the following: 


a. Dust accumulation on the outside of the plotter can be removed using a dust cloth. 


b. The filter should be washed in mild soap and warm water. Dry thoroughly before 
replacing. 


WARNING 
NEVER LET WATER STAND ON THE PLATEN SURFACE 
OR ENTER THE ELECTRICAL PORTION OF THE 
PLOTTER. 


CAUTION 
Do not use solvents or silicone based cleaners of any type 
on the platen. 


c. The platen should be cleaned as follows: 


1 Select a cloth that will not scratch the platen surface. 

2; Unplug the instrument before beginning to clean the platen. 

3. Dampen the cloth with warm water, wring out any excess moisture. 

4. Apply cleaner and rub lightly as necessary to clean platen. Commercial 


cleansers such as Comet® or Ajax® may be used. 
5. Rinse platen thoroughly. 


6. Wipe away any moisture from the platen surface. 
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Shipment Information 


When the plotter is ta be shipped, it is essentiat that the original packing materials and 
carton be used. If not available, packing materials and a carton may be ordered through the 
local Hewlett-Packard sales and service office. 
If the plotter is being returned to Hewlett-Packard for any reason, contact the local Hewlett- 
Packard sales and service office. HP service personnel will provide shipping instructions. 
Attach a tag to the instrument including the following information: 

1. Your Company Name 

2. Address 

3. Telephone Number 

4. Name of person who can be contacted 


5. Description of problem and desired service. 


Do not include the power cord or other operating accessories if returning the instrument 
to HP. 
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Chapter 2 


E Preparation For Use 


Introduction 


A This chapter contains the following discussions: 


@ Controls and Indicators 
@ Pen Installation 

@ Loading Sheet Paper 

@ Loading Roll Paper 

@ Running the Confidence Test 
@ Plotter Initialization 

e@ Pen Control 

@ = Installation/Operation of the Digitizing Sight 

@ Setting Graphic Limits 

@ Entering A Digitized Point 

@ Suspension/Resumption of Plotting 

@ Orienting Typed Labels (Local Mode Only) 

® = Installation/Operation With A Modem and Terminal 
e 

° 

e 


Installation/Operation With A Hardwired Computer and Terminal 
Installation/Operation With A Computer Mainframe 
Installation/Operation With A Terminal 
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Controls and Indicators 


Identification of Plotter controls and indicators is shown in Figure 2-1 and described on the 
following pages. Controls and functions which apply to both the 7221B and 7221S plotters 
are given first, followed by those which apply only to the 7221S. 


32 
18 {LOWER DECK) 


23, 22,21, 20,19 


Figure 2-1. Plotter Controls and Indicators 
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CONTROL FUNCTION 


COHART | Pushbutton switch with lamp used to load either roll or sheet 


paper. When pressed the following occurs: 


a. CHART LOAD pushbutton lamp is on steady. 


b. OUT OF LIMIT lamp is on steady. 


c. Electrostatic paper hold-down is deactivated. 


d. Execution of any plot data in the buffer is suspended. 


e. Pen is moved to the upper right corner of the platen. 


Plotter initializes if not done previously. 


Pushbutton switch. When operated the following occurs: 


a. Electrostatic paper hold-down is activated. Cannot be 
activated when using roll paper on the 7221S. 


b. CHART LOAD pushbutton lamp, if on, is turned off. 
Cannot turn off {amp when using roll paper on the 7221S. 


c. Execution of plot data in the buffer is suspended while 
the button is held down. Execution of data resumes 
when the pushbutton is released. 


d. Holding the pushbutton down for more than one second 
causes the pen to move to the upper right corner of the 
plotting area, with the pen raised, and execution of plot 
data in the buffer is suspended. The pen returns to the 
original position and resumes plotting when the push- 
button is released. 


and 


e. If the ENTER pushbutton has been operated first, and 
the enter lamp is flashing, pressing the CHART HOLD 
pushbutton causes the plotter to initialize (INIT) and 
turn off the ENTER lamp. 
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Pushbutton switch used to raise the pen and move it to the 
current upper right plotting limit. 


lf the ENTER pushbutton has been operated first, and the 
ENTER lamp is flashing, pressing the UPPER RIGHT push- 
button causes the current pen position to be entered as the 
new upper right plotting limit. The ENTER lamp goes off 
upon completion of this function. 


Pushbutton switch used to raise the pen and move it to the 
current lower left plotting limit. 


If the ENTER pushbutton has been operated first, and the 
ENTER lamp is flashing, pressing the LOWER LEFT push- 
button causes the current pen position to be entered as the 
new lower left plotting limit. The ENTER lamp goes off 
upon completion of this function. 


The ERROR lamp blinks if an error occurs in the plotters’ 
internal data handling process. The lamp is turned on steady 
if one of the following errors occur: 

a. Transmission error in the communications tink. 

b. Syntactical error in an instruction. 


c. Data buffer overflow. 


The ERROR lamp will turn off when an OUTPUT ERROR 
instruction is processed or when the plotter is initialized. 


OUT OF LiMiT 
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A multi-purpose control used to perform the following 


functions: 


a. Used with the CHART HOLD contro! to initialize the 
plotter. 


b. Used with the UPPER RIGHT control to establish the 
upper right graphic limit. 


c. Used with the LOWER LEFT control to establish the 
tower left graphic limit. 


d. Used with the pen select pushbutton to store a pen. 
e. To enter a digitized point. 


f. Used with the arrow controls to orient typed labels in the 
LOCAL mode. 


g. To suspend or resume execution of programmed graphic 
instructions from the front panel. 


The OUT OF LIMIT lamp is turned on steady when the 
physical or logical graphic position of the plotting pen 
exceeds defined graphic limits under the following circum- 
stances: 


a. When the plotter is initialized. 
b. When the pen position (logically or physically) is outside 


graphic limits as established by front panel or program 
control. 
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10. 


11. 


(=) 
and [4] es [0] 
Ls) 


Five pushbutton switches that are used to move the plotting 


pen within the plotting area. Control functions are as follows: 


a. 


9p 


Pressing an arrow pushbutton causes the pen to move in 
the direction of the arrow at 4.8 mm/second. 


Pressing an arrow pushbutton in conjunction with the 
FAST pushbutton causes the pen to move in the direc- 
tion of the arrow at 93.2 mm/second. 


Pressing adjacent arrow pushbuttons simultaneously 
causes the pen to move at a 45° diagonal between the 
two arrow directions. 


Pressing opposite arrow pushbuttons simultaneously pro- 
duces no pen movement in that axis. 


Pressing an arrow pushbutton after the ENTER push- 
button has been operated (the ENTER lamp is blinking) 
produces no pen movement: additionally, in the LOCAL 
mode only, a rotation angle is stored in the plotter to 
cause subsequent plotting functions to be referenced to 
the direction of the arrow. 


A pushbutton switch used to raise the pen from the plotting 


surface. This contro! overrides programmed pen control 
until pushbutton is released. 


A pushbutton switch used to lower the pen to the plotting 
surface under the following conditions: 


a. 


If the pen is within graphic limits, the pen remains down 
until raised by using the PEN UP pushbutton, or under 
program contro}, 


If the pen is at the graphics limit boundary, and the OUT 
OF LIMIT lamp is on, the pen remains down only while 
the PEN DOWN pushbutton is held down. 


Overrides programmed pen control until switch is re- 
leased. 
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A pushbutton switch with lamp that is used to place the 
plotter in STANDBY. The following events occur in the 
STANDBY mode: 


a. TheSTBY lamp turns on steady. 


b. Execution of buffered instructions in the plotter is halted, 
and unexecuted instructions in the buffer are purged. 


c. Stored macro-instructions and variables remain unchanged. 


d. The plotter passes data between the host computer and 
terminal using plotter microprocessor control, but with- 
out scanning for plotter instructions. When the plotter is 
in the ON LINE or LOCAL mode, a flashing STBY lamp 
indicates that data is being received. 


A pushbutton switch with lamp that is used to place the plot- 
ter in LOCAL mode. When repeatedly pressed, the plotter 
will be cycled between the programmed “‘off’’ and pro- 
grammed ‘‘on’” modes, as indicated by the LOCAL lamp 
being on steady, or flashing, respectively. The following 
events occur in LOCAL made: 


a. After LOCAL mode is selected, the plotter is connected 
to the terminal and any further data from a host com- 
puter is ignored. 


b. After the pushbutton is pressed, execution of any graphics 
data in the plotter buffer continues uninterrupted until 
the buffer is empty. 


c. Stored macroinstructions and variables in the plotter 
remain unchanged. 


d. If the LOCAL lamp is on steady, the plotter has not re- 
ceived a PLOTTER ON instruction from the terminal 
or front panel and is programmatically ‘‘off’’.. The piot- 
ter will not respond to incoming instructions, except 
PLOTTER ON, in this state. 
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14, 


15. 


DATA SET 


e. Jf the LOCAL lamp is flashing, the plotter has received a 
PLOTTER ON instruction from the terminal or front 
panel and is programmatically ‘’on’’. The plotter responds 
to alldevice control and graphics instructions in this state. 


f. Plotter responses to received output instructions are sent 
to the terminal. 


The Data Set lamp indicates the state of the modem or host 
computer when the plotter is connected into a computing 
system. The lamp is on steady when the Data Set Ready 
line (refer to Chapter 11) from the modem or host computer 
is high. 


A pushbutton switch with lamp that is used to place the 
plotter in the ON LINE mode. When repeatedly pressed, the 
plotter will be cycled between the programmed ‘‘off’” and 
programmed “‘on‘’’ modes, as indicated by the ON LINE 
lamp being on steady or flashing, respectively. The follow- 
ing events occur in the ON LINE mode. 


a. If the ON LINE lamp is on steady, the plotter has not 
received a PLOTTER ON instruction and is program- 
matically ‘off’. The plotter will not respond to received 
device control and graphic instructions, except PLOTTER 
ON, in this state. 


b. If the ON LINE lamp is flashing, the plotter has received 
a PLOTTER ON instruction from the computer or front 
panel and is programmatically ‘‘on’’. The plotter responds 
to device control and graphic instructions in this state. 


c. When the ON LINE pushbutton is pressed, execution of 
graphic instructions in the plotter buffer continues un- 
interrupted. 


d. Stored macro-instructions and variables in the plotter 
remain unchanged. 


e. Plotter response to output data requests are sent to the 
computer. 
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f. Data originating at the terminal is passed to the computer 
unless “Monitor Mode” is active (refer to Chapter 8). 


16. Pen Stable An area provided to house the four plotter pens when not in 
use. Each stall has an opening in the top of the control panel 
that provides visual indication of the presence and ink color 
of the pens not in use. 


Four pen-select pushbutton switches used to select, change or 
> store plotting pens under the following conditions: 


a. Operating a pushbutton causes the pen in the pen holder 
to be stored in its original stall or, if occupied, in the 
fowest numbered empty stall. The pen in the stall asso- 
ciated with the operated pushbutton is then loaded into 
the pen holder which returns to the last graphic position 
with the pen up. 


b. If the pen is moving when the pushbutton is operated, 
the move will be completed before the pens are changed. 


c. Execution of buffered data in the plotter is suspended 
while the plotter is changing pens. 


If the ENTER pushbutton is operated before operating a 
pen-select pushbutton, and the ENTER light is flashing, 
the pen in the pen holder will be stored in the stall asso- 
ciated with the operated pushbutton if the stall is empty. 
The empty pen holder then returns to the last graphic 
position. {f the stall associated with the operated push- 
button is full, no pen holder movement occurs. 


Pushbutton switch that controls application of ac power to 
the plotter. Power is off when the switch is extended (set 
to L }) and on when the switch is depressed (set to ~ ). 
The following events occur when the switch is turned on: 


a. The pen arm and pen holder move slightly. 


b. The plotter is placed in an on-line, programmatically 
“off” state with the ON LINE lamp on steady (refer to 
item 15, step a.). 
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20. and 21. 


co a 
Parity Fi 
hEVEN Sn 


ce. The OUT OF LIMIT Lamp turns on steady. 


d. The electrostatic paper holddown is turned on. (Cannot 
be turned on when using roll paper on the 7221S.) 


e. The fan motor is running. 


The confidence test (CONF TEST) switch is set to the OFF 
position during plotter operation. The switch is set to ON 
to test plotter circuits prior to operation. Refer to the 
“Confidence Test’’ discussion in this chapter for details con- 
cerning the use of this switch. 


The parity ON/OFF and EVEN/ODD switches are effective 
only when the plotter is in the ON LINE mode and pro- 


grammed “‘on’’ by a host computer {or front panel control), 
or when outputting data to the terminal in LOCAL mode. 


These switches set the parity checking and generation elec- 
tronics for use with ODD or EVEN parity as established by 
system requirements. If parity is not used, the PARITY 
ON/OFF switch is set to OFF, and the setting of the EVEN/ 
ODD switch is irrelevant. 


The DUPLEX HALF/FULL switch is used only when the 
plotter is set for LOCAL mode or with “monitor mode’ 
active during on-line operation. 


During LOCAL mode operation the switch function is as 
follows: 


a. When set to FULL, the plotter returns (echoes) data re- 
ceived from the terminal back to the terminal. 


b. When set to HALF, the echo is suppressed. 


During ON LINE mode operation, with ‘‘monitor mode” 
active, the DUPLEX switch function is as follows: 


a. When set to FULL, and computer is working in an echo- 
plex environment, all plotter output responses are echoed 
from computer, through plotter to terminal. 


b. When set to HALF, all plotter output responses are sent 
to both the computer and the terminal. All data re- 
ceived from the computer is also sent to the terminal, 
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23. = We The MODEM/HARDWIRE switch is effective only at plotter 
power-on. This switch determines the initialized state of the 
“Hardwired Handshake’ and ‘‘Enable Data Transmission” 
options of the SET PLOTTER CONFIGURATION instruc- 


tion (refer to Chapter 8). 


When the switch is set to MODEM, the ‘Hardwired Hand- 
shake” and “Enable Data Transmission’ options are initialized 
to the “OFF” state. 


When the switch is set to HARDWIRE, the ‘Hardwired 
Handshake” and ‘Enable Data Transmission’’ options are 
initialized to the “ON” state. 


An eight-position selector switch that is used to set the 
plotter electronics for operation with data transmission rates 
of 75, 110, 150, 200, 300, 600, 1200 or 2400 baud as re- 
quired by the system. 


MODEM The MODEM connector is a 25-pin, female type that is 
RS-232-C/CCITT V.24 compatible. The connector is used to 
interconnect the plotter with a modem or host computer. 


The TERMINAL connector is identical to the MODEM con- 
nector and is used to interconnect the plotter and a terminal. 


1p, VOLTAGE SELECTOR Three two-position slide switches that are used to set the 
2 L 240) 240, 


120 plotter for use with 100, 120, 220 or 240 Vac primary 
120 
ro ger r power (refer to Chapter 1). 


1oo]s21 WV ~ 45-10% 
GA]? FA) AI A 48-86HZ 


180 WATTS MAX 


28. AC line fuses (refer to Chapter 1). 
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29. 


30. 


Power cord receptacle (refer to Chapter 1). 


*Sensing stall. Location of bottom limit switch which is used 
during plotter initialization. 


The following pertain only to the 7221S plotter. 


Roll paper gauge. Calibrated in quarters of a roll. 


Pushbuttons to release cover on right and left roll paper 
supply modules. 


Paper stop. Must be recessed while roll paper is in use and 
raised for sheet paper. The stop is raised by pressing down 
on the paper stop in the upper port. 


Paper advance thumbwheel to adjust tension on newly 
{oaded roll paper or to advance roll paper manually. 


Pushbutton switches to advance roll paper one half page or 
one full page from the left edge of the platen. These switches 
are operative only when roll paper is loaded (paper advance 
option is ’’on’’). 


The following associated events will occur when either of 
these switches is pressed. 


a. The execution of programmed graphic instructions is 
suspended and the pen is moved to the ‘‘sensing” stall 
before the paper is advanced (refer to item 30). After 
the advance, the limit switches re-establish the X and Y 
coordinates and the pen is then returned to its last posi- 
tion prior to the advance and plotting of data in the 
buffer resumes. 


36. 


37. 
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b. If the CUTTER ENABLE lamp is on steady, the paper 
will be cut after each advance. The cut is made at the 
point which was concident with the left edge of the 
platen when the advance was initiated. 


A pushbutton switch with lamp that is used to enable and 
disable the roll paper cutter. The state of the cutter is ‘‘on”’ 
when the CUTTER ENABLE lamp is on steady and ‘off’ 
when the lamp is off. The default and power-up state of the 
cutter is ‘‘on’’. 


{f the cutter is ‘on’, the paper is cut only after it has been 
advanced either a half page or a full page. The location of 
the cut is along the line which coincides with the left edge of 
the platen at the time the advance operation is initiated. 


This switch is used to control the length of paper advance 
and also determines power-up and default graphic limits if 
the paper advance option is ‘’on’’. The paper advance option 
is “on” if roll paper is loaded and tensioned across the platen 
so that the two paper sensor switches are activated. Refer to 
“Setting Graphic Limits’ in this chapter and in Chapter 4 for 
a definition of default graphic limits. Paper advance length 
and default graphic limits are as follows: 


a. Switch set to METRIC 
Half page length = 210 mm 
Full page length = 420 mm 
Lower left X,Y = 520, 1140 machine units 
Upper right X,Y = 15720, 11140 machine units 


b. Switch set to ENGLISH 
Half page length = 8.5 inches 
Full page length = 17 inches 
Lower left X,Y = 520, 1020 machine units 
Upper right X,Y = 15760, 11180 machine units 
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Pen Installation 


Pens are manually loaded in the pen stable using the following procedures: 


a. Check that the 


switch is off {set to 0). 


b. Manually move the plotter arm to the left edge of the platen. 


c. Select the pen (by color) to be loaded in stall 1 of the pen stable, and remove the 
pen cap. 


d. Insert the tip of the pen into the rubber cap located at the bottom of the pen 
stall as shown in Figure 2-2. 


e. Push the pen into the stall by exerting slight downward and forward pressure on 
the top of the pen. 


f. Repeat the foregoing procedures until the four pen stalls are full. 


g. Check that the power cord is connected and set the |i J.| switch on (set to 4). 


h. Load the pen holder by pressing the Pen Select pushbutton associated with the pen 
to be used. 


An alternate method of loading pens is as follows: 


WARNING 
The operator’s hands should be clear of the pen stable at all 
times when using this method of loading pens. 


a. Check that the switch is off. 


b. Load the desired pen in the pen holder as shown in Figure 2-3. 
c. Setthe |%0 J.) switch on. 


d. Press the fr") pushbutton. The lamp shouid start flashing. 


e. Press the Pen Select pushbutton associated with the stall into which the pen is to 
be loaded. The pen arm and pen holder automatically loads the pen into the 
selected stall. 


f. Repeat the foregoing steps to load the remaining three stalls. 
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Figure 2-2, Pen Stable Loading 


Figure 2-3. Pen Holder Loading 
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Loading Roll Paper (7221S Only) 


WARNING 
To avoid the possibility of injured fingers, always turn off the 
plotter before loading roll paper. 


To load roll paper, proceed as follows (refer to Figure 2-4): 


a. Set the |a[ J.) switch to off. 


b. Remove pen from pen arm holder to avoid getting ink on the new paper. 


c. Depress paper stop on left side of the platen. 


d. Press ft] pushbuttons and open both the take-up module and supply module. 


e. Position roll paper between hubs in supply module and align hub tabs with roll 


notches. 


f. Align front edge of paper with front edge of platen and feed paper across table and 


under pen arm. 


g. Engage paper sprocket holes on sprockets at each end of tension roller. Hold paper 


on roller while closing take-up module door. 


h. Close supply module door. Make sure paper is not on top of paper guide at front 


edge of platen. 


i. Advance paper with thumbwheel until tensioned. 


j. Set the METRIC/ENGLISH switch to correspond with loaded roll paper. 


k. Set the [i[_]4] switch to on. 
I. Press |*°%| pushbutton and note that paper is advanced a half page. 
NOTE 


Proper loading of roll paper will turn-on the paper advance 
option. 
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OPEN TAKE-UP LOADING PAPER IN 
AND SUPPLY MODULES SUPPLY MODULE 


THREADING PAPER 
ACROSS PLATEN 


ENGAGING PAPER HOLDING PAPER 
HOLES ON SPROCKETS ON TENSION ROLLER 


Figure 2-4. Loading Roll Paper (7221S only} 


32 Preparation For Use 


Loading Sheet Paper 


To load sheet paper, proceed as follows: 


a. Setthe |il_]2] switch on. 


b. Press [ 


Loao 


The CHART LOAD and OUT OF LIMIT lamps should go on steady 
and the pen holder is moved to the upper right corner of the platen. 


c. Place sheet paper on platen so that the lower edge is under the lips of the nylon 
paper stop, then move paper to the left so that the paper is snug against the !eft 
paper stop (see Figure 2-5). 


d. Press the pushbutton and smooth out any ripples using the back of your hand 
with left-to-right motion. The CHART LOAD lamp should go out and the OUT 
OF LIMIT lamp should stay on steady. 


Figure 2-5. Loading Sheet Paper 
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Running The Confidence Test 


A confidence test is included in the plotter firmware to verify that the unit is operating 
correctly. Prior to the performance of this test have a pen in the pen holder and sheet or 
roll paper loaded. Proceed as follows: 


a. Set the switch off. 


Fo 
r 


b. Connect the RS-232-C/CCITT V.24 male-to-male interface cable (HP Part No. 
07221-60157) supplied with the plotter between the rear-panel TERMINAL and 
MODEM connectors as shown in Figure 2-6. 


c. Make rear panel switch settings as follows: 


CONF TEST ON 

PARITY OFF 
EVEN/ODD IRRELEVANT 
DUPLEX IRRELEVANT 
BAUD RATE ANY 
MODEM/HARDWIRE IRRELEVANT 


d. Set the reap switch on. 


The plotter performs an initialization sequence (see plotter initialization), then the con- 
fidence test runs and performs the following functions in sequence: 


° OATA SET OW 


OUTOFLMIT = ® ioe lamps are on steady. 


b. The plotting pen is moved to the lower right corner of the platen then moves to 
the lower left corner. 
ON 


c |e lamp turns off. 


d. |*s’| lamp turns on steady. 


e, The plotter performs a self-test of various internal circuits. During this time 
the plotting pen does not move. This portion of the test takes approximately 
3 seconds. 


f. 13ST lamp flashes 3 times. 
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Figure 2-6. Plotter Confidence Test Connections 


g. The plotter executes the confidence test plot illustrated in Figure 2-7. 
h. The plotting pen returns to the lower left corner of the platen with the pen down. 
i. The following lamps go on steady: 


(CHART) ERROR ° Ocai| [ ON 
e ® ® 
LOAD e OUT OF LIMIT LINE 


j. The following lamps are off: 


oataser (STB 
e 


NOTE 
'f a failure occurs while the confidence test is running, or if 
improper results are obtained, refer the problem to qualified 
service personnel. 


This concludes the confidence test. Set the [iL Js and [PMY switches off. Dis- 
connect the RS-232-C/CCITT V.24 cable from the TERMINAL and MODEM connectors. 
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Plotter Initialization 


Initialization sets the plotter to a predetermined logical and mechanical state. The plotter 
comes to the initialized state, except for the establishment of mechanical limits, when the 
LINE switch is turned on. Mechanical limits, however, will not be established until some 
plotting pen movement is required. This can be done under program control {refer to the 
INITIALIZE instruction in Chapter 10) or under focal contro! using the following pro- 


cedures: 


3 e ON 
switch on. The ays oe .aat lamps go on steady. 


b. Press fe. Lamp starts flashing. 


INTER 
c, Press Gur) feat The lamp goes out. 


d, The pen arm moves toward the right of the platen until it encounters the far-right 


a jal ds 


limit switch. 


e. The pen holder moves down until it encounters the bottom limit switch in a stall 
adjacent to the pen stable. 


f. The pen holder moves out of the limit switch stall and stops in the lower-right 
corner of the platen. 


This completes plotter initialization, and interna! graphic variables are set to their default 
values {values assumed by the plotter in the absence of an actual instruction). Refer to the 
INITIALIZE instruction in Chapter 10 for a list of these default values. 
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Pen Control 


Selecting A Pen 


NOTES 
If all pen stalls are full when a pen-select pushbutton is 
operated, the pen holder moves to the stall adjacent to the 
pen stable in the lower right corner of the platen to sense if 
there is a pen in the pen holder. If there is, the pen holder 
moves back to the original position. With four pens in the 
stable and one in the holder, pens cannot be interchanged. 


If the stall associated with the operated pushbutton is empty, 
no pen selection occurs and the pen holder remains sta- 
tionary. 


Front panel pen selection events occur as follows: 


a. Press the desired pen-select pushbutton. 
| Ci @ ® @ | 
Qa (a) (a) a 


b. Execution of graphic instructions in the buffer is suspended. 


c. The pen in the holder is put into its original stall, if empty, or the lowest numbered 
vacant stall. 


d. The pen in the stall associated with the pushbutton is loaded into the pen holder. 
e. The pen holder moves back to its original position. 


f. Execution of graphic instructions stored in the buffer resumes. 
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Storing A Pen 


NOTE 
tf the stall associated with an operated pen-select pushbutton 
is occupied, no attempt is made to store the pen and the 
pen holder remains in the last graphic position. 


To store a pen proceed as follows: 


a. Press . The lamp starts flashing. 


b. Press the desired pen-select pushbutton. 
[2 _°_ 98 8 
a 2) (a) 3 


c. The pen in the pen holder is stored in the selected stall. 


d. The pen holder is returned to its original position. 


aR 
e. The lamp goes out. 


Pen Up/Pen Down Controls 


NOTES 
When a pen is out of graphic limits established by local or 
program control (ie ae lamp on steady), the pen will 
not stay down when the PEN DOWN pushbutton is operated. 


When operating under program control, the pen will auto- 
matically lift approximately 16 seconds after the last pro- 
grammed pen instruction is completed. 


To raise the operating pen: Press 


To lower the operating pen: Press 


Pen Positioning 
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The arrow and FAST pushbuttons are used to manually position the plotting pen on the 


platen surface as follows: 


a. 


Press (=) 


. Moves the pen toward the top of the platen at 4.8 mm/second. 


Press [9] . Moves the pen right at 4.8 mm/second. 


Press =) . Moves the pen toward the bottom of the platen at 4.8 mm/second. 


Press (4) . Moves the pen left at 4.8 mm/second. 


Press [r=] 


and any arrow pushbutton. Moves the pen in the direction of the arrow 


at 93.2 mm/second. 


Press | 
upper righ 


Press [# 


(=) and [9] 


t at 4.8 mm/second. 


and (9) 


simultaneously. 


simultaneously. 


lower right at 4.8 mm/second. 


Press [o]) 
upper left 


Press |# 


and (4) 


and («| 


simultaneously. 
at 4.8 mm/second. 


simultaneously. 


lower left at 4.8 mm/second. 


Moves the pen in a 45° diagonal toward the 


Moves the pen in a 45° diagonal toward the 


Moves the pen in a 45° diagonal toward the 


Moves the pen in a 45° diagonal toward the 
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Installation/Operation Of The Digitizing Sight 


A digitizing sight (HP Part No. 09872-60066) is supplied with the plotter and is installed 
and operated as follows: 


a. Check that the |z[_].) switch is off. 


b. Manually move the plotter arm to the left edge of the platen. 


c. Insert the small end of the sight onto the rubber cap at the bottom of the pen stall 
selected for use. (Refer to Figure 2-2.) 


d. Push the sight into the stall using slight downward and forward pressure on the top 
of the sight. 


e. Set the [i _J«| switch on. 


f. Load the pen holder by pressing the Pen Select pushbutton associated with the 
stall in which the digitizing sight is loaded. 


g. Position the sight over the area to be viewed using the previously described pen 
positioning controls. 


h. Operate the control to lower the sight onto the platen for best viewing 
results. 
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Setting Graphic Limits 


Graphic limits can be set using the front panel controls, or under program control (refer 

to “Setting Graphic Limits’ in Chapter 4). Once graphic limits are established, plotting 

can only be done within the boundaries defined by these limits. A new set of graphic 2 
limits, whether established by front panel or program control, supersedes and replaces the 

current set of limits. Figure 2-8 illustrates three plotter limits that affect plotting. If no 

graphic limits are supplied by the user, the plotting area is within the default graphic limits 

as defined in the illustration. 


NOTE 
Always set the lower left limit before the upper right. The 
upper right graphic limit moves with the lower left limit. 


Operating The Lower Left/Upper Right Controls 


To set graphic limits proceed as follows: 


a. Move the plotting pen to the desired lower left (LL) position using the arrow and 
FAST pushbuttons. 


b. Press . The lamp starts flashing. 
c. Press . The ENTER lamp goes out. 


d. Move the plotting pen to the desired upper right (UR) position using the arrow 
and FAST pushbuttons. 


e, Press . The lamp starts flashing. 
f. Press . The ENTER lamp goes out. 


These functions store the selected lower left and upper right positions as the new graphic 
limits. These limits replace the previously selected graphic limits. To check the new limits: 


a. Press . The plotting pen should move to the new lower left position. 


b. Press . The plotting pen should move to the new upper right position. 
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ELECTRO-MECHANICAL LIMIT DIMENSIONS 
Y = 285 mm (11.22 in.) 
X = 400 mm (15.75 in} 


PAPER TYPE DIMENSIONS 
Metric (ISO A3) 


Sheet Paper Rail Paper 

Y = 280 mm (11 in.) Y = 297 mm (11.89 in.) 
X = 419.1 mm (165 in} X = 420 mm (1654 in) 
English Roll Paper 

Y = 280 mm (11 in.) 

X = 432 mm (17 in.) 

DEFAULT GRAPHIC LIMIT DIMENSIONS 

Sheet Paper/Metric 

(SO A3) Roll Paper English Roll Paper 

Y = 250 mm (9 84 in.) Y = 254 mm (10 in.) 


X = 30 mm (14.96 in} X = 381 mm (15 in) 


NOTE: © Roll paper is used anly on the 7221S. 
@ Locations of default graphic limit 
dimensions are not coincident on 
the platen surface. 


Figure 2-8, Plotter Limits 


Paging 


The upper right limit moves proportionately when the lower limit is changed. This feature 
can be used advantageously in applications such as paging (preparing two equal-size pages 
on the normal 11 in. x 17 in. sheet paper). Figure 2-9 illustrates this function. The lower 
left (LL) and upper right (UR) graphic fimits are established for the left-hand page using 
the procedures previously listed. When plotting is completed on the left-hand page, the new 
LL limit is selected for the right-hand page. The UR limit moves proportionately and auto- 
matically establishes the upper right limit for the second page. 


Figure 2-9. Plotter Paging 
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Graphic Limit Squeezing 


When graphic limits are established within the plotting area, and then moved so that one 
limit intersects a mechanical boundary, a new graphic limit is established at the point of 
intersection. Figure 2-10 illustrates this operation. 
DETAIL A: Itlustrates a plotting area defined by the lower left (LL) and upper 
right (UR) graphic limits. 


DETAILB: (Illustrates moving the LL graphic limit to a new position. The UR 
graphic timit moves proportionately until the mechanical limits are 
reached. This point is established as the new UR graphic fimit. 


DETAIL C: lilustrates moving the LL graphic limit back to its original point. The 
LL and UR limits maintain the same relationship established in Detail 
B, thus providing a “squeezed” plotting area. 


Images 


Images of a normal plot can be obtained by repositioning the lower left and upper right 


graphic limits, either by front panel or program control. Figure 2-11 illustrates four plots 
obtained using the front-panel controls. 


NOTE 
In Details B, C, and D the lower left graphic limit (LL) was 
always set before proceeding to the UR position regardless 
of the selected LL position. 


DETAILA: _ Illustrates a normal plot with the LL and UR limits set at default 
values. 
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DETAIL “A” 


PLOTTING 
AREA 


r a ae ee 7 
DETAIL “B” | ur! 
1 
PLOTTING] | 
NEWLOWwER | AREA 7 
LEFT LIMIT 4 
ut 
OLD LOWER 
LEFT LIMIT 
se 
DETAIL “"C” 


OLD LOWER 
LEFT LIMIT 
e 


PLOTTING 
AREA 


NEW LOWER 
LEFT LIMIT 


Figure 2-10. Graphic Limit Squeezing 
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e 
LL 
DETAIL A: NORMAL PLOT DETAIL 8B: REVERSED 
ett bes - 
4 << WNW 
uR® *urR 
DETAIL C: UP-SIDE-DOWN DETAIL D: UP-SIDE-DOWN AND REVERSED 


Figure 2-11. Plotter Images 
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DETAIL B: Hllustrates a reversed plot. The LL graphic limit is set at the lower right 
default limit, and the UR graphic limit at the upper left default limit. 


DETAIL C: Nlustrates an up-side-down plot. The LL and UR graphic limits are 
interchanged with the normal positions (DETAIL A). 


DETAIL D: Illustrates an up-side-down and reversed plot. The LL graphic limit is 


set at the upper left default limit and the UR graphic limit at the 
lower right default limit. 


Entering A Digitized Point 


When the plotter is operating under program control, response to an OUTPUT DIGITIZED 
POINT instruction is made from the front panel as follows: 


a. The lamp should be on steady indicating that an OUTPUT DIGITIZED 
POINT instruction has been received by the plotter. 


b. Press . The lamp should go out. 


c. If within limits, the current pen position is output as a digitized point. 


NOTE 
lf the current pen position is physically or logically out-of- 
limits (the ian cd lamp on), then attempts to digitize 
are ignored and the ENTER lamp remains on. 
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Suspension/Resumption Of Plotting 


When the plotter is being operated under program controf, two methods of suspending 
then restarting the execution of graphic instructions can be used as follows: 


a. Using the contro}: 


A: Press, then release the pushbutton. Plotting is suspended and the 
ENTER lamp starts flashing. 


2; To resume plotting, press the flashing pushbutton. Plotting should 
start and the ENTER lamp goes out. 


b. Using the control: 


1 Press and hold the FH#4®7 pushbutton. Plotting is suspended and the pen 


|HOLD 
holder is moved to the upper right corner of the platen. 


2; Release the pushbutton. The pen holder is moved back to its original 
position and plotting resumes. 


Orienting Typed Labels (Local Mode Only) 


When operating with a terminal in LOCAL mode, labels can be referenced in the direction 
of the arrow pushbuttons as follows: 


a. Press . The ENTER lamp starts flashing. 


b. Press the arrow pushbutton for the desired label direction. No pen movement 
occurs and the ENTER Jamp goes out. 


c. A rotation angle is stored in the plotter to cause subsequent plots to be referenced 
in the direction of the arrow pushbutton operated in step b. 
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Installation/Operation With A Modem And Terminal 


Installation 


The plotter can be connected to a remote computing facility through a data set (modem) 
and hardwired to a terminal to complete the plotting system. In this type installation, 
the plotter is connected in series between the modem and terminal as shown in Figure 2-12. 


Rear-panel connections are made as follows: 


TERMINAL 


Terminal to Pierced 


MODEM 


Modem to 


TERMINAL CABLE 
(Supplied with reeminal) 


MALE TO MALE AS+232-C/CCITT V.24 
CABLE (Supplied with plotter! 


—— 


ee el ge I EG roe --4 


REMOTE COMPUTING FACILITY 


COUPLER/MODEM 


NOTE: Set computer’s modem for “‘answer’ mode and 
local modem for “originate” mode. Use strap- 
ping option or external switch on modem. 


Figure 2-12. Plotter interconnection with a Terminal and Remote Facility Using Modems 


Preparation For Use 


Operation 


Six modes of operation are available when the plotter is connected in this type system. 


The modes and control settings are as follows: 
Power Off Mode 


In this mode the plotter passes data between the host computer and terminal using relay 
closures. Plotter front and rear panel control settings are irrelevant. 


Standby Mode 


In this mode the plotter passes data between the host computer and terminal under plotter 
control, but all other plotter circuits are passive. Front and rear panel control settings are: 


Front panel on (to 1°} 


Press on. Lamp on steady. 


off and lamp off. 


off and lamp off. 


oataser, On steady if the Data Set Ready line from the 
e 
modem is high (active). 


Rear Panel CONF. TEST: OFF 
PARITY ON/OFF: Irrelevant 


PARITY ODD/EVEN: _ Irrelevant 


DUPLEX: Irrelevant 


BAUD RATE: Same as host com- 
puter/terminal 


MODEM/HARDWIRE: MODEM (Refer to 
Chapter 10.) 
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On Line and Programmed Off Mode 


In this mode the plotter passes data between the host computer and terminal under plotter 


control. The plotter automatically enters this mode when power is applied to the unit, 


and remains in this mode until a PLOTTER ON instruction is received from the host com- 


puter or front panel. Front and rear panel settings are: 


Front panel 


Rear panel 


On (t0 "1" 


‘sTBY 
® 


‘ON 
@ 
LINE 


DATASET 
es 


Off and tamp off 


Off and lamp off 


On and lamp on steady 


On steady if modem’s Data Set Ready line is 


high 


CONF. TEST: 


PARITY ON/OFF: 


PARITY ODD/EVEN: 


DUPLEX: 


BAUD RATE: 


MODEM/HARDWIRE: 


OFF 


Irrelevant 


Irrelevant 


Irrelevant 


Same as host com- 
puter/terminal 


MODEM (Refer to 
Chapter 10.) 


On Line and Programmed On Mode 


Preparation For Use 


The plotter enters this mode from the “On Line and Programmed Off’’ mode, upon receipt 


of a PLOTTER ON instruction from the host computer or front panel. 


In this mode the 


plotter responds to device control and graphic instructions from the computer, and passes 
data from the terminal to the computer including ‘‘Breaks’. Receipt of a ‘’Break’’ from the - 
terminal aborts any in-process plotter outputs, and returns the plotter to the “On Line and 
Programmed Off mode, but plotting continues until stored buffer data is completed. 


Front and rear panel settings are: 


Front panel 


Rear panel 


2 
ala 


‘STBY 
© 
fLocat) 
® 
ON 

u 


GATA SET 
e 


On (set to 1") 


Off and lamp off 


Off and lamp off 


On and lamp flashing upon receipt of PLOT- 


TER ON. 


On steady if modems Data Set Ready line is 


high. 


CONF. TEST: 


PARITY ON/OFF: 


PARITY ODD/EVEN: 


DUPLEX: 


BAUD RATE: 


MODEM/HARDWIRE 


OFF 


Off for 
On for odd or even 
parity 


no parity 


Same as host com- 
puter 


Irrelevant unless 
“monitor mode” is 
active (refer to Chap- 
ter 10). 


Same as host com- 
puter/terminal 


MODEM (refer to 
Chapter 10). 
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Local and Programmed Off Mode 


In this mode, the plotter ignores all data from the host computer and remains in a passive 
state awaiting a PLOTTER ON instruction from the terminal or front panel. Front and rear 


panel control settings are: 


Fe 
= 


Front panel 


Press 


Rear panel 


On (set to 1”) 


Off and lamp off 


On and lamp on steady 


Off and lamp off 


On steady, if connected to a modem and the 
modem’s Data Set Ready line is high. 


CONF. TEST: 


PARITY ON/OFF: 


PARITY ODD/EVEN: 


DUPLEX: 


BAUD RATE: 


MODEM/HARDWIRE 


OFF 


Irrelevant 


Irrelevant 


FULL for echo re- 
turn to terminal. 
HALF for echo sup- 
pression, 


Same as terminal 


MODEM (Refer to 
Chapter 10.) 


Local and Programmed On Mode 


Preparation For Use 


The plotter enters this mode from the ‘‘Local and Programmed Off’’ mode, upon receipt of 


a PLOTTER ON instruction from the terminal or front panel. 


In this mode, the plotter 


responds to device control and graphic instructions from the terminal. All data from the 


host computer is ignored. Front and rear panel settings are: 


Front panel 


Rear panel 


DATA SET 
® 


On (to 1") 


Off and lamp off 


On and lamp flashing upon receipt of PLOT- 


TER ON 


Off and lamp off 


On steady if connected to a modem and the 
modem’s Data Set Ready line is high. 


CONF. TEST: 


PARITY ON/OFF: 


PARITY ODD/EVEN: 


DUPLEX: 


BAUD RATE: 


MODEM/HARDWIRE: 


OFF 


Off for no parity. 
On for odd or even 
parity. 


Same as terminal. 
Settings are relevant 
only for plotter-gen- 
erated data output 
to terminal. Settings 
are irrelevant for 
data received from 
terminal or echoed 
to terminal (full du- 
plex). 


FULL for echo re- 
turn to terminal. 
HALF for echo sup- 
pression, 


Same as_ terminal. 


MODEM (Refer to 
Chapter 10.) 
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Installation/Operation With A 
Hard Wired Computer And Terminal 


Installation 


A second type system installation connects the plotter with a computer and terminal by 
direct cabling. The plotter is connected in series between the computer and terminal as 


shown in Figure 2-13. Rear-panel connections are as follows: 


TERMINAL 
Terminal to ieee eda 


MODEM 


Computer to 


251232 -C/CCITT V.24 CABLE 
(Supphed by user) 


ov ; 
REMOTE COMPUTING FACILITY | oe a eg ee 
(Supplied with terminal} 


PLOTTER 


| 
i 
| 
t 
i 


Figure 2-13. Plotter Interconnection with a Terminal and Remote Facility 
Using RS-232-C/CCITT V.24 Cabling 


Preparation For Use 


Operation 


System operation in this type installation is identical to operation with a modem and ter- 
minal, except that Data Set Ready is controlled by the host computer and the MODEM/ 
HARDWIRE switch is set to HARDWIRE. Refer to operating procedures of the following 


six modes in the discussion of ‘‘Installation/Operation with a Modem and Terminal:” 


Power Off 

Standby 

On Line And Programmed Off 
On Line And Programmed On 
Local And Programmed Off 
Local And Programmed On 


Installation/Operation With A Computer Mainframe 
Installation 


In this type system the plotter is adjacent and connected directly to a computer. Plotter 
activity is under program control of the computer; however, entry to the computer by a 
terminal is through a separate port rather than through the plotter. Figure 2-14 illustrates 
the system installation, and rear panel connections are as follows: 


TERMINAL 


Not connected PBB rss seeks Bm 


MODEM 


Computer to aE ee 
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RS-232-C/CCITT V.24 CABLE 
(Supplied by user] 


COMPUTER 


PLOTTER 


TERMINAL 


Figure 2-14. Plotter Connection With A Computer Mainframe 


Operation 


Operation with this type installation is confined to the three modes listed below and dis- 
cussed in “Installation/Operation With A Modem And Terminal:”’ 


@ On Line And Programmed Off 


@ On Line And Programmed On 
@ Standby 


Installation/Operation With A Terminal 
Installation 


In this type system the plotter is adjacent and connected to a terminal. This type installa- 
tion is used for off-line labeling and data point digitizing. Figure 2-15 illustrates this instal- 
lation, and rear panel connections are as follows. 


TERMINAL 


Terminal to 


MODEM 


Not Connected PBMC ts cccerccc oe 


Preparation For Use 


Operation 


Operation with this type installation is confined to the three modes listed below and de- 
scribed in ‘‘Installation/Operation With A Modem And Terminal: “" 


® Local and Programmed Off 
@ Local And Programmed On 
@ Standby 


Refer to Chapter 4 for information regarding elementary operation of the plotter from a 
terminal. 


TERMINAL 


PLOTTER 


TERMINAL CABLE 
(Supplied with terminal) 


Figure 2-15. Plotter Connection With A Terminal 
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Chapter 
General Programming Information 


. Introduction 


b This chapter contains the following discussions: 


Operating Modes 
Basic Plotter Capabilities 
Functional Operation 


Philosophy of Binary Format 


60 General Programming 
Operating Modes 


The plotter generally operates in series between a host computer and a terminal in six modes 
described herein. Physical connections of the plotter with a computer and terminal are 
described in Chapter 2. 


Power Off 


When the plotter is connected in a communication channel with a host computer and 


terminal, and the plotter |i 


t 


a| switch is off, the computer and terminal communicate 


through a hardwired relay connection in the plotter as shown in Figure 3-1. The plotter 
responds to no instructions in this mode. 


HOST 
COMPUTER 


TERMINAL 


PLOTTER 


RELAY 
BYPASS 


Figure 3-1. Plotter Power Off 
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Standby 


The plotter is placed ina STANDBY mode by setting the (eC) switch on and pressing the 
front-panel pushbutton. In this mode, the pushbutton lamp is on steady and 
the plotter processor passes data between the host computer and terminal as shown in 
Figure 3-2. The plotter responds to no instructions in this mode. 


HOST 
COMPUTER 


TERMINAL 
PLOTTER 


PROCESSOR 
PASSIVE 
(PASSES DATA ONLY) 


Figure 3-2. Plotter {In Standby Mode 
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On Line-Programmed Off 
The plotter is placed on line in a programmatically off state by one of the following actions: 
a. Initially setting the plotter Fae switch on. 


b. Being on-line and programmatically on, and receiving a Plotter Off instruction from 
the computer. 


c. Switching from standby to on line using the front panel ;*8"| and pushbuttons. 


In this mode, the on-line pushbutton lamp is on steady and the processor passes data between 
the host computer and terminal as shown in Figure 3-3. The plotter will respond only to a 
Plotter On instruction. 


HOST 
COMPUTER 


TERMINAL 


PLOTTER 


PROCESSOR 
SCANS FOR 
“PLOTTER ON” 
INSTRUCTION 


Figure 3-3. Plotter In On-Line Mode and Programmed Off 


On Line-Programmed On 


The plotter is placed on line and programmatically on when the plotter [C2] switch is on, 
the plotter is on line and programmatically off (the S pushbutton lamp is on steady) and 
a Plotter On instruction is received from the host computer or front panel. When this mode 
is established, the ON LINE lamp starts flashing and the plotter operates in response to 


instructions received from the host computer as shown in Figure 3-4. 


Genera! Programming 


The plotter also provides the following outputs when the computer requests the information: 


Plotter identification 


a. e. Current graphic limits 
b. Status f. Current pen position 
c. Buffer size g. Error identification 
d. h. 


Buffer space Digitized point. 

The communication channel from the terminal to the host computer through the plotter 
is maintained to provide operator entry into the computer. The communication channel 
from the plotter terminal port to the termina! is used in this mode of operation only if 
“Monitor Mode” is active. Refer to Chapter 8 and 10 for a description of “Monitor Mode.” 


The plotter processor monitors the communication channel from the terminal to the com- 
puter for a terminal-generated BREAK signal (a series of space bits}. This BREAK signal 
causes the plotter to return to the on-line, programmatically-off condition shown in Figure 
3-3. Any in-process plotter outputs are aborted, but plotting continues until stored buffer 
data is completed. A new Plotter On instruction from the computer or front panel is 
required to resume plotting operations. 


NOTE 
pushbutton will empty all graphics data 


Pressing the 
from the buffer. 


HOST 
COMPUTER 


i. 


PLOTTER TERMINAL 


(TERMINAL 
PORT 


LINE 
NOT USED 


! 
| 
| 
| 
| 


OUTPUTS 
v 
PROCESSOR 
PLOTTER 
SCANS FOR 
INSTRUCTIONS “BREAK” 


————————— ee | 
Figure 3-4. Plotter In On-Line Mode and Programmed On 
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Local-Programmed Off 


The plotter is placed in the local mode and programmatically off when the jal]. | switch is 
turned on and the front panel pushbutton is pressed to cycle the lamp on steady. In 
this mode, the processor scans for a Plotter On instruction from the terminal or front pane! 
as shown in Figure 3-5. The lines between the host computer and the plotter modem port 
are not used and any data from the computer is ignored. The rear-panel (ge Kil switch 
is operational in this mode of operation. When the switch is set to FULL DUPLEX, the 
data received from the terminal is echoed (retransmitted) back to the terminal. In HALF 
DUPLEX, this echo is suppressed and the line from the piotter terminal port to the 
terminal is not used. 


HOST 
MPUTER 
COMPUT PLOTTER 
IN 
FULL TERMINAL 
DUPLEX 
= ~\ 
--N | 
mopem] 1 TERMINAL 
PORT | PORT 
LINES 
NOT USED 
’ ECHO 
PROCESSOR 
SCANS FOR 
“PLOTTER ON” 
INSTRUCTION 
HOST 
COMPUTER 
REOEIEH TERMINAL 
HALF —_ 
DUPLEX 


—--y-- > 


| TERMINAL 
PORT 


LINE 
NOT USED 


1 
LINES | 
NOT USED 1 


¥ 


PROCESSOR 
SCANS FOR 
“PLOTTER ON” 
INSTRUCTION 


Figure 3-5. Plotter In Local Mode and Programmed Off 
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Local-Programmed On 


The plotter is placed in local mode and programmed on when the 2 switch is on, the 
pushbutton has been operated (the pushbutton iamp is on steady) and a Plotter On 
instruction is received from the terminal or by again pressing the 6 pushbutton. In this 
mode, the LOCAL pushbutton lamp is flashing and the plotter operates in response to 


instructions from the terminal as shown in Figure 3-6. The plotter also provides the same 
outputs, when requested by the terminal, as provided in the ’’On Line — Programmed On” 
mode. The communication channels between the host computer and plotter modem port 
are not used and any data from the computer is ignored. The rear-panel a switch 
is also operational in this mode. In FULL DUPLEX the terminal input is echoed back to 
the terminal, and in HALF DUPLEX the echo is suppressed. 


HOST 
COMPUTER 
TERMINAL 
ae ee eae PLOTTER ese 
, a as 
-- —-y\ | FULL 
MODEM [| DUPLEX TERMINAL 
PORT w | PORT 
LINES 
NOT USED 
ECHO 
PLOTTER 
INSTRUCTIONS 
HOST 
COMPUTER 
TERMINAL 
PLOTTER ——— 
= ee 
CI 
a 


DUPLEX 


TERMINAL 
PORT 


LINES 
NOT USED 


STATUS 
OUTPUT 


PLOTTER 
INSTRUCTIONS 


Figure 3-6. Plotter In Local Mode and Programmed On 
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Basic Plotter Capabilities 


The plotter performs a variety of graphic and control functions in response to instructions 
received at the modem port or the terminal port. Some of the functions can also be initiated 
manually, at the plotter front panel. This section introduces some of these functions and 
the plotter capabilities which support them. 


Unit Systems 


The plotter employs the two unit systems described below: 


Machine Unit System. Machine Units are fixed at one unit = .025 millimetre in both the X- 
and Y-directions, and are referenced to the lower left corner of the platen. The machine 
unit system divides the physical plotting area bounded by the mechanical limits into a fixed, 
square-grid network. 


Plotter Unit System. The plotter unit system divides the area bounded by the graphic limits 
into a logical grid network. Plotter Units are of programmable size, may be defined dif- 
ferently in the X- and Y-directions, and are referenced to the currently-specified lower left 
graphic limit. The parameters of plotting instructions express plotting coordinates and 
linear dimensions in plotter units. 


Altering Plot Size And Location 


The dimensions and location of the graphic limits can be defined by plotter instruction, or 
set by plotter front panel controls. Since the plotter unit system is referenced to the graph- 
ic limits, this means that a plot can be drawn in any desired size and location on the platen, 
without altering the numeric values expressed in the parameters of plotting instructions. 


Absolute And Incremental Plotting 


Every individual pen movement performed by the plotter is generated as a straight-line vec- 
tor from the current pen location to a specific plotter-unit coordinate location (‘‘absolute’’ 
coordinates), or to a coordinate location relative to the current pen position (“‘incremental’’ 
coordinates). 


Clipping 


Except for pen-selection and initialize operations, all pen movements performed in response 
to plotter instructions are restricted by the graphic limits. The pen’s logical position, which 
is maintained by plotter firmware, may lie outside the graphic limits. Its physical position, 
however, follows its logical position only while the latter is on or within the graphic limits. 
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Vectors which start or end outside the graphic limits are ‘clipped’ at the affected boundary; 
vectors which lie entirely outside the limits produce no pen movement. 


Line-Drawing 


The plotter performs individual line-drawing (pen lowered) and move (pen raised) operations 
in response to appropriate plotter instructions. The instructions may designate either 
“absolute” or incremental! vectors. 


Arcs And Circles 


An are (or circle, which is treated as an arc of 360 degrees) is actually drawn as a series of 
straight chords which approximate the arc. The angle, radius and orientation of the arc are 
specified by a single plotter instruction. The plotter internally generates and executes the 
required series of chords as incremental vectors. 


Labels 


The plotter draws numerals, symbols and text characters, using any of six program-selectable 
character sets. Character size, spacing and slant are also programmable. The ASCII char- 
acter codes are transmitted to the plotter, which internally generates and executes the 
incremental! vectors necessary to produce the desired graphic characters and displacements. 


Pen Selection (Multiple Colors) 


Any of four pens can be selected for drawing. Selection is initiated by plotter instruction 
or front panel controls. The plotter internally generates all the movements of the pen holder 
and pen arm necessary to accomplish the specified pen-change, and to return to the current 
graphic position. 


Dash Lines 


As an alternative to solid lines, the user can programmatically define dash-line patterns 
consisting of dots, dashes and spaces. The plotter uses the currently-invoked pattern for 
drawing lines, arcs and circles. If desired, the plotter dynamically adjusts the pattern length 
so that no drawn vector contains a partial pattern. 


Macro Instructions (Macros) 


The user can programmatically define plotter instruction sequences, cause them to be stored 
in the plotter, and recall them for execution at a later time. This macro instruction capa- 
bility provides convenience and efficiency in drawing user-defined symbols and figures, 
storing dash-line pattern definitions, and other repetitive graphic operations. ‘Macros’ 
can also be called from an optional ROM module for special applications. 
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Rotation 


Rotation of incremental vectors (including labels, arcs and circles, which are incrementally- 
produced) can be invoked by plotter instruction. While rotation is invoked, each incre- 
mental vector is rotated about its point of origin, either through a specified number of de- 
grees, or to the angle of the last vector generated by the plotter. 


Device Control And I/O Control 


The plotter responds to various control instructions by performing requested actions and 


outputting requested information, such as: 


a. Set plotter into programmed-on or -off state (refer to “Operating Modes” in this 
chapter). 


b. Output digitized pen position. 

c. Output plotter status information. 

d. Reset errors, and output error identification and error tally. 
e. Output buffer size or available buffer space. 


f. Establish relevant conditions for output (e.g., turn-around delay, trigger characters), 


General Programming 


Functional Operation 


The functional configuration of the plotter’s firmware and hardware is presented in Figure 


3-7, and the actions performed by its principal components are described below. 


Communications Interface 


@ implements the EIA RS-232-C or CCITT V.24 control-line protocol. 

e@ Routes data to and from the modem, the terminal, and the plotter {/O firmware, 
according to the operating mode. (Refer to ‘Operating Modes” in this chapter.) 

@ Converts received data from bit-serial format to the bit-paralle!, byte-serial format, 
for use by the plotter 1/O firmware. 

@ Converts output data from bit-parallel, byte-serial format to the bit-serial format 
required by the communication channel. 

@ Performs parity-checking and parity generation on |/O data. 

Pre-Scanner 
@ Routes Device Control Instructions to Device Controller, for immediate processing. 
e@ Routes Graphic Instructions (including their parameters, and label strings) to the 


Buffer, via the Pre-buffer, for serial processing. 


Device Controller 


Interrogates the Graphics Processor and Buffer for status and other information, as 
requested by Device Control Instructions; e.g., plotter status, error status, buffer 
size or available space, digitizing information, current graphic limits. 


Sends requested output information to the Communications Interface, subject to 
relevant conditions for output (e.g., turn-around delay, trigger characters). 


Accepts, stores, and implements specified conditions for output (e.g., handshake 
mode specifications). 
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Pre-Buffer 


Buffer 


Buffers incoming graphic instructions, to allow the main Buffer to be “closed” 
temporarily, while the Buffer’s dynamic boundary is moved during definition of 
macros. 


(part of RAM) 


Holds graphic instructions received from the Pre-Scanner and Pre-Buffer, for serial 
processing on a First In/First Out (FIFO) basis. 


Transfers defined macros into Macro Storage. 


Occupies available RAM storage space not otherwise required for system variables 
and Macro Storage. 


Reports total size and/or current available space to the Device Controller, upon 
request. 


Macro Storage (part of RAM) 


Holds specially-defined sequences of graphic instructions (macros). 


Dynamically expands and contracts as macros are added and deleted. 


Macro ROM Module (Pluggable) 


Provides access to factory-assembled macros (custom feature). 


Parser (Code Analyzer) 


Reads graphic instructions serially from the Buffer, or from Macro Storage or 
Macro ROM, as required. 


Verifies, interprets and decodes the instruction codes and parameter data. 


Passes the decoded information to the Graphics Processor. 


General Programming 


Graphics Processor 


During initialization, establishes default values for system variables. 


Accepts signals from the front control panel pushbuttons and pen-stable sensing 
switches. 


Performs rotation, clipping and dash-line algorithms. 
Generates plotting information for the implied vectors of arcs and labels. 


Prepares plotting information for the Vector Generator; e.g., converts plotter-unit 
data to machine-unit data. 


Drives the front panel indicators. 


Vector Generator 


MOOEM 


¥ 


To 
TERMINAL 


COMMUN 


CATIONS 
INTERFACE 
(ELA Se. 
CCITT 


232-C/! 


(OPERATING MODE INFORMATION 


Converts plotting data received from the Graphics Processor into appropriate 
electronic signals to the X and Y motor drivers and the pen lift solenoid driver. 


QUTPUT DATA 


[ MOTOR 


ORIVERS 


OEVICE 
CONTROLLER 


STATUS GRAPHICS 


PROCESSOR 


VECTOR 


CONTROL GENERATOR 


INSTRUCTIONS, 


PRE- 
SCANNER 
PRE- 

BUFFER 


GRAPHIC 
INSTRUCTIONS 


v.28) 


SOLENDIO 
ORIVER 


BUFFER 
{FIFO} 


DYNAMIC 
egUNGaRYT— 


MACRO 
STORAGE 


PEN 
STABLE 
SENSORS 


| MACRO ROM 


MOOULE t 


Lrwussase | 


Figure 3-7. Functional Block Diagram of Plotter Hardware and Firmware 
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Philosophy Of Binary Format 
Purpose 


The binary format, herein discussed, refers to the scheme of assigning instruction codes and 
encoding numeric graphic parameters into binary codes. The binary format is designed to 
produce optimum code compaction, with the following objectives and features: 

a. minimize the volume of Input/Output traffic over the communication channel; 


b. optimize utilization of available buffer capacity; 


c. permit Graphic Instructions and their parameters to be of variable length, without 
separator characters and with minimal use of special delimiters; 


d. provide a means of identifying the functional significance of each byte of data 
extracted from the plotter’s data buffer, as part of the ’’parsing’’ process. 


Numeric Graphic Parameters 


There are five basic binary-encoded formats for numeric graphic parameters, each designed 
to efficiently represent a specific class of numeric data. These are as follows: 


@ Single-Byte Number (SBN format) 

@ Multiple-Byte Number (MBN format) 

®@® Multiple-Byte Pair of Numbers {MBP format) 

@ Pair of Multiple-Byte Numbers (PMB format) 

@ Multiple-Byte Angle (MBA format). 
Appendix B, ’‘Binary Coding Table’’, presents the structures, value ranges and lengths asso- 
ciated with each of the five types. Appendix D, the ASCIi Code Table, shows plotter usage 


of ASCII codes. Chapter 9 contains the detailed encoding processes. Some brief examples 
follow. 


General Programming 


Single Byte Number (SBN Format). This parameter expresses positive integers in the range 
of 0 to 63, and is always one byte in length. Pen velocity, arc tolerance, pen select and 
macro instructions numbers are expressed in this format. 


Example: Maximum pen velocity = 27 cm per second. 


Decimal Binary Appropriate Encoded Equivalent 
Numeric Numeric SBN SBN ASCII 

Value Value Structure Value Character 
27 011011 CNNNNNN 1011011 Ca) 


TE a 


Multiple Byte Number (MBN Format). 
range of O to 32767. 
tude of the current data value, and is used to express linear dimensions. 


This parameter expresses positive integers in the 
It may be from one to three bytes in length, depending on the magni- 


Examples: Length of an arc’s radius = 4 plotter units, or 112 plotter units. 


Decimal Binary Appropriate Encoded Equivalent 
Numeric Numeric MBN MBN ASCII 
Value Value Structure Value Character(s) 
4 0100 110NNNN 110 0100 (a) 
bat 
_4 
Tae W 
— 
110NNNN 110 0001 (2) 
112 0001 110000 
CNNNNNN 0 110000 
a | 


Multiple Byte Pair of Numbers (MBP Format). This parameter expresses a pair of positive 
integers, and may be from one to five bytes in length, depending on the magnitude of the 
larger of the two integers. It is used to express absolute X,Y coordinates, the height and 
width of label characters, and other pairs of related values. 
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Example: Absolute X,Y coordinates = 100, 100 (plotter units). 


Decimal Binary Appropriate Encoded Equivalent 
Numeric Numeric MBP MBP ASCII 
Values Values Structure Value Characters 


' 


2 
110XXXX 110 0110 G) 


X = 100 0110 0100 
a 
Coe 
CXXXXYY 1 oe (a) 
a ie 


Y = 100 01 100100 CYYYYYY 0 100100 
a es = o 


Pair of Multiple Byte Numbers (PMB Format). This parameter expresses a pair of integers, 
positive or negative, and has two separately-encoded components. Each component repre- 
sents one of the two integer values, and may be from one to three bytes in length, depend- 
ing on the magnitude of the corresponding value. Incremental X,Y coordinates are expressed 
in this format. 


Example: Incremental X,Y coordinates = 100, -2000 (plotter units). 


Decimal Binary Appropriate Encoded Equivalent 
Numeric Numeric PMB PMB ASCII 
Values Values Structure Values Characters 


fro 
10XXXXX 10 00011 


X= 100 00011 00100 
| 1OXXXXX 10 00100 
Ld 


I 
O1YYYYY 0111110 


Y = -2000 1111000001 10000 O1YYYYY 01 00001 


{2’s complement O1YYYYY 01 10000 
form) 


SOO O@ 


Multiple Byte Angle (MBA Format). This parameter expresses the si 
grees, from 0.0 to 359.995. It may be from one to three bytes in len 
magnitude and resolution of the value of the angle. 


Example: Starting angle of an arc = 78.75 degrees. 


Decimal Angle Appropriate Encoded 
Numeric Increment MBA MBA 
Value Values Structure Value 
45.0 


110AAAA 1100011 


78.75 22.5 


11.25 1 
CAAAAAA 0100000 


Data Differentiation 


The encoded numeric parameter formats and the assignment of instr 
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ze of an angle, in de- 
gth, depending on the 


Equivalent 
ASCII 
Characters 


© 


uction codes follow a 


scheme by which : a) Device Control Instructions are intercepted and routed to the Device 
Controller, while Graphic Instructions are passed to the Buffer; and b) Graphic Instruction 
codes and parameters are uniquely identified by the Parser. This scheme is outlined below. 


Functional Significance 


Decimal Equivalent 


Device Control First Byte (&c) 27 
Instruction Second Byte GC) 46 
Codes Third Byte 40-41, 64-79 
7 First Order (most often used) 112-125 
Graphic 
: Second Order: First Byte 126 
Instruction 
Second Byte 35-47, 80-95 
Codes F a 
No-Op (Instruction delimiter) 125. 
MBN, MBP and MBA: First Byte 96-111 
Numeric Second Byte (& up) 32-95 
Graphic PMB Format: X-components 64-95 
Parameters Y-components 32-63 


SBN Format 


32-95 
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Format Of Graphic Instructions 


In general, Graphic Instructions consist of a one- or two-character instruction code, and one 
or more variable-length, optional parameters. Graphic Instructions are delimited by the 
next instruction code; (i.e., recognition of an instruction code signifies the end of the pre- 
vious graphic instruction). Execution of a Graphic Instruction does not normally occur until 
it is delimited, either by the next instruction code or by a No-operation (NOP) instruction. 


The ASCII characters, and their significance, of two typical Graphic Instructions are pre- 
sented below. 


Instructions can be 
delimited by this “No- 


a at tion” racter. 
MOVE Instruction is delimited by operation” code character 


first instruction-code character of 
the LABEL SLANT instruction. 


MOVE LABEL SLANT 
Instruction Instruction 


Se ne ae ee a, 


OOOOVO VEO 


=a a 
; i Encoded numeric parameter 
Oe eT MEVe | representing slant angle 
instruction. of 78.75 degrees. 
Encoded numeric parameter Two-byte instruction code 
for LABEL SLANT instruction. 


representing plotter-unit 
coordinates 100, 100. 


General Programming 


Some instructions have no associated parameters while others may have several, as illus- 


trated below. 


ROTATE AT LAST ANGLE ARC CLOCKWISE 
Instruction Instruction 


Far 
| ee | 
Encoded Numeric Parameters: 


Stop Angle « 90.0 degrees 


{instruction Code for 
ROTATE AT LAST ANGLE 


Instruction. 
Start Angle = 180.0 degrees 
Instruction Code for i 2 
ARC CLOCKWISE Radius of the Aree 112 
Instruction, P 7 


In some cases, graphic instructions may be encoded with some or all of their parameters 
omitted, and the plotter assumes default or previously-specified values. The following en- 


coded instruction illustrates this. 


ARC CLOCKWISE 


instruction 
_—-— 4 
oNOoN 
OOO 
Susy 
| 
Instruction code for 
ARC CLOCKWISE Stop Angle = 0.0 degrees (default) 
Instruction 


Start Angle = 0.0 degrees (default) 


Radius = 112 plotter units {Draws a Circle} 


a7 
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: Chapter 4 


Basic Programming Functions 


Introduction 


This chapter contains instructions for: 


Plotter On 
Plotter Off 
Selecting a Pen 


iy 


Setting Graphic Limits 
Setting Grid Size 

Move and Draw 

Incremental Move and Draw 
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Plotter On 


Procedure Set plotter for or . Selected lamp goes on steady. 


Send (9) GC) () PLOTTER ON instruction 
Result or lamp starts blinking. 


When ON LINE, the plotter stops passing data from the host computer through to the ter- 
minal, and interprets all subsequent incoming data from the computer as plotter instructions. 
When in LOCAL, plotter interprets incoming data from the terminal as plotter instructions. 


NOTE 
All Device Control Instructions start with the 
sequence, and are processed as soon as they are 
received by the plotter. They are not stored in the plotter’s 
graphic data buffer. 


Plotter Off 


Procedure Send (2) G) QO) PLOTTER OFF instruction 
Result 


or lamp stops blinking 


When ON LINE, the plotter resumes passing data from the host computer through to the 
terminal, while scanning for a PLOTTER ON instruction. When in LOCAL, the plotter 
scans for a PLOTTER ON instruction from the terminal. 
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Selecting A Pen 


Procedure Install pens in the four stalls. 
Send PLOTTER ON instruction. 


Send G) PEN SELECT instruction 


Pen number = 1 (SBN format) 


Result Pen holder goes to the ‘’sensing”’ stall to the right of the pen stable to establish 
whether a pen is in the holder. If a pen is in the holder, that pen is put into a 
vacant stall. The plotter then selects the pen from stall 1. 


Procedure Send @) PEN SELECT instruction 


Pen number = 3 (SBN format) 


Result Plotter stores the pen in the pen holder into stall 1 and selects the pen from 
stall 3. 


These instructions perform the same function as sequentially operating pen-select pushbut- 
tons 1 and 3. 


Setting Graphic Limits 
Machine Units 


Graphic limits define the desired limits of the plotting area on the platen and are specified 
in machine units. A machine unit is .025 mm (approximately 0.001 inch) in length, and is 
the smallest move the plotter can make. The largest possible plotting area is 16000 machine 
units wide (400 mm) in the X axis by 11400 machine units high (285 mm)} in the Y axis. 
These dimensions are electro-mechanical limits of the plotter and are shown in Figure 2-8. 


Default Values 


Unless otherwise specified, the plotter assumes the following default graphic limits. These 
values correspond to the perimeter on HP standard grid metric sheet paper which is shown 
in Figure 2-8. 

Lower left XY = 520, 380 machine units 

Upper right XY = 15720, 10380 machine units 
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The following default graphic limits pertain only to the 7221S when roll paper is loaded 
(paper advance option is “on”) and the ENGLISH/METRIC switch is set as indicated. 


ENGLISH 


Lower Left X,Y = 520,1020 machine units 
Upper Right X,Y = 15760,11180 machine units 


METRIC 


Lower Left X,Y = 520,1140 machine units 
Upper Right X,Y = 15720,11140 machine units 


Unless otherwise specified, all subsequent references to default graphic limits pertain to HP 
standard grid metric sheet paper. 


User Defined Limits 


A user sets his own graphic limits using the front-panel controls, as discussed in Chapter 2, 
or by program control discussed herein. A new set of graphic limits permanently replaces 
any previously established limits. The following procedures illustrate setting graphic limits 


by program control. 


Procedure Send ©) (w) GRAPHIC LIMITS instruction 
(e) @) (0) GC) Lower left graphic limit. 
X,Y = 750, 1000 machine units 


(MBP format). 


() e ) CG) Genes) Upper right graphic limit. 


X,Y = 3000, 4000 machine units 


(MBP format). 
G) Terminator (NOP) 
Result Establishes the graphic limits shown in Detail A, Figure 4-1. These points can 


be verified by pressing the and controls on the plotter. 
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If no upper right parameter is included, the upper right position will ‘follow’ a new lower- 
left position to maintain a position relative to the lower-left position as follows: 


Procedure Send C) (w) GRAPHIC LIMITS instruction 
(ec) ©) (a) (w) (4) New lower left graphic limit. 


X,Y = 4000, 5000 machine units 
(MBP format). 


G) Terminator (NOP) 


Result Moves the lower left and upper right graphic limits as shown in Detail B, 


Figure 4-1. This can be verified by pressing the and controls 
on the plotter. 


If the new upper right point is outside the mechanical limits of the plotting surface, the 
upper right coordinates are ‘‘clamped’’ to the mechanical limits. As an example: 


Procedure Send C) (w) GRAPHIC LIMIT instruction 
(s) («) MAG) New lower left graphic limit. 


X,Y = 7350, 9000 machine units 
(MBP format). 


G) Terminator (NOP) 


Result Moves the lower left graphic limit as shown in Detail C, Figure 4-1. Note that 
the upper right limit moved until it reached the Y-axis mechanical limit of 
11400 which then becomes the Y coordinate of the new upper right point. 
The front-panel controls can be used to verify these limits. 
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In Detail C, Figure 4-1, notice that the position of the upper right, relative to the lower left, 
has now changed. This new relative position is permanent, even if the lower left is moved 


down. As an example: 


Procedure Send C) (w) GRAPHIC LIMIT instruction 
(») (2) C) New lower left graphic limit. 


X,Y = 9000, 4000 machine units. 
(MBP format). 


Q) Terminator (NOP) 


Result Moves the lower left graphic limit as shown in Detail D, Figure 4-1. The 
upper-right limit moves proportionately. The overall graphic area remains 
“squeezed” as shown in Detail C, Figure 4-1. The front-panel controls can be 
used to verify these limits. 


To return the graphic limits to their default values, proceed as follows: 


Procedure Send ©) (w) GRAPHIC LIMIT instruction 
G) Terminator 


Result Returns the graphic limits to the default value 
(LL=520,380 and UR=15720,10380 as shown in Figure 4-1) 
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Figure 4-1. Setting Graphic Limits 
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Setting Grid Size 
Plotter Units 


Grid size establishes full-scale plotter units, which are the number of units between the 
point of origin of a plot (0, 0) and the full scale values of the X and Y axes (Xmax, Ymax). 
As an example, a grid of 5 x 7 has 5 plotter units in the X-axis and 7 units in the Y-axis as 
shown in Figure 4-2. The plotter units establish resolution of a plot, and affect the number 
of data bytes required to generate a plot. Numerical limits of 16,383 plotter units can be 
handled in either axis; however, the maximum plotter resolution is .025 mm even when 


finer resolution is specified by a user. 
Default Values 


If a grid size value is not specified in a plotting instruction, the plotter sets the following 
default grid size: 


X Axis = 3040 plotter units 
Y Axis = 2000 plotter units. 


When both graphic limits and grid size are not specified in a plotting instruction, the 3040, 
2000 grid is mapped onto the previously discussed default graphic limits. 


User Defined Grids 


The user sets grid size by program control. A 5 x 7 grid is set as follows: 


Procedure = Send GC) (s) SET GRID SIZE instruction 
(») > X max, Y max 


X,Y =5 x 7 plotter units 
(MBP format) 


G) Terminator 


Result Establishes a 5 x 7 grid within the default graphic limits as shown in Figure 
4-2. Graphic positions on the plot surface include only integer coordinates in 
the grid system. If the pen is moved with the front-panel arrow controls to 
positions other than an integer coordinate, the pen will be forced to the 
nearest graphic position when the arrow pushbutton is released. 
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PLOTTER-UNIT 


SYSTEM 
NUMERICAL 
LIMIT 
16,383 
5 
PLOTTER X MAX =5 
SUNITS* Y MAX =7 
| 
PLOTTER 
UNITS 
NUMERICAL 
LIMIT 
16,383 


PLOTTER UNIT SYSTEM 
“MAPPED” ONTO DEFAULT GRAPHIC LIMITS 


UPPER RIGHT (DEFAULT) 
17:20. Res: 
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Figure 4-2. Setting a Grid Within Default Graphic Limits 
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To set a grid size within defined graphic limits, proceed as follows: 


Procedure Send (-) (w) GRAPHIC LIMIT instruction 
(ec) @) (0) () Lower left graphic limit. 
X,¥ = 750, 1000 machine units 


(MBP format) 


(ec) @) (e) GC) Upper right graphic limit, 
X,Y = 6000, 4000 machine units 


(MBP format) 


©) (s) SET GRID SIZE instruction 
(») C) X max, Y max 


X,Y =5x 7 plotter units 
(MBP format) 


G) Terminator 


Result Establishes a 5 x 7 grid within the graphic limits shown in Figure 4-3. Graphic 
limits can be verified by use of the FS) and late) front panel controls. 


Integer coordinates within the grid can be verified by pressing, then releasing 


(=) 
[4] [9] while the pen is within the graphic limits. 
(=) 


A square grid system is defined when the physical distance on the plot surface correspond- 
ing to a single plotter unit is the same in both the X and Y axes. For this condition to exist, 
the aspect ratio of the box established by current graphic limits must equal the ratio of the 
grids full scale X value to full scale Y value. Instructions that include angle parameters will 
produce true angles only if a square grid exists. If a non-square grid exists, arcs will appear 
elliptical. The following example illustrates a grid of 5 x 7 established within graphic limits 
with the same aspect ratio (lower left = 520, 380 and upper right = 5520, 7380). Since the 
grid was established in the foregoing procedure, only new graphic limits must be set. 
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PLOTTER-UNIT 
SYSTEM 


NUMERICAL 
LIMIT 
16,383 


5 
PLOTTER 
UNITS} 


| 


PLOTTER 
UNITS: NUMERICAL 
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Figure 4-3, Setting a Grid Within Defined Graphic Limits 
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Procedure Send G) (w) GRAPHIC LIMIT instruction 
(@) (0) (e) () Lower left graphic limit. 


X,Y = 520,380 machine units 
(MBP format) 


(e) () (a) (3) (Cr) Upper right graphic limit. 


X,Y = 5520, 7380 machine units 
(MBP format) 


G) Terminator 


Result Establishes a 5 x 7 grid within the defined graphic limits shown in Figure 4-4. 
Note that each plotter unit has equal X and Y dimensions. Graphic limits can 


be verified by use of the and controls. Integer coordinates within 
the grid can be verified by pressing, then releasing, the arrow pushbuttons 


while the pen is within the graphic limits. 


To return the grid size and graphic limits to their default values, proceed as follows: 


Procedure Send So) (s) SET GRID SIZE instruction 
GC) (w) GRAPHIC LIMIT instruction 
G) Terminator 


Result Both grid size and graphic limit return to their default values: 
Grid size: X max, Y max = 3040, 2000 plotter units 


Graphic limits: Lower left = 520, 380 machine units 
Upper right = 15720, 10380 machine units. 


Integer coordinates within the default grid are so close together (.125 mm) 
that pen movement between coordinates is not discernible. 
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Figure 4-4. Setting a Square Grid 
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Move And Draw 


Performing A Draw 


A user performs a draw by program control. The instruction causes the pen to lower before 


i iti ifi i i ters. Both 
moving to the graphic position specified by MBP (multiple byte pair) parameter 


draw and move parameters are expressed in plotter units as shown in the following examples. 


The first example provides a draw from upper right to lower left (0,0 in plotter units} 


with procedures as follows: 


Procedure Press the plotter front-panel pushbutton. 


Send (a) DRAW instruction 
CS Lower left parameters. 
X,Y = 0,0 plotter units 
(MBP format) 
G) Terminator 
Result Pen lowers and draws a diagonal line from upper right to lower left as shown 


in Figure 4-5. Note that 16 seconds after reaching the lower left parameter 
the pen is automatically raised. 


tf more than one X-Y parameter is transmitted, the pen is moved to the second graphic 
position and all successive points in a lowered state. The following example causes a square 
box to be drawn. Note that the actual draw occurs when the first character of the succeed- 
ing multiple byte pair is sent. 


Procedure Send (a) DRAW instruction 
‘eS (e) (0) () First draw parameter to 
X,Y = 0, 1000 plotter units 
(MBP format) 


(s) (4) (0) () Second draw parameter to 
X,Y = 1000, 1000 plotter units 


(MBP format) 
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Figure 4-5. Performing a Draw 
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Procedure Send (s) (4) (e) Third draw parameter to 
(Continued) 


X,Y = 1000, 0 plotter units 
(MBP format} 


'& Fourth draw parameter to 
X,Y = 0, 0 plotter units 


(MBP format) 


G) Terminator 


Result Pen lowers and draws a box as shown in Figure 4-5. Each draw occurs when 
the first character of the following parameter is sent. The fourth draw occurs 
when the terminator is sent. 


When a parameter is received that is outside specified graphic limits, the pen moves to the 
point where the projected draw leaves the defined graphic limits. The pen stops at this point 
and is raised. Subsequent parameters can be sent that are outside the limits, but the pen will 
not respond until a parameter is received that brings the draw back within the graphic limits. 
When this parameter is received, the raised pen is moved to the point where the draw re- 
enter the limits. The pen lowers at that point and completes the draw within limits. The 


following example illustrates an out-of-limit draw using default graphic limits: 


Procedure Press the plotter front-panel |grgc*]|, pushbutton 


Send (a) DRAW instruction 
(e) G) (s) (4) First draw parameter to 


X.Y = 500,500 plotter units 
(MBP format) 


C) GC) eS (0) Second draw parameter to 
X.Y = 1000, 2500 plotter units 


(MBP format) 


(e) () (e) (e) Third draw parameter to 


X,Y = 2000,0 plotter units 
(MBP format) 


G) Terminator 


Result Plot is drawn as shown in Figure 4-6. 
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Figure 4-6. Performing an Out-of-Limits Draw 
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The pen can be lowered by use of the draw instruction. This function parallels use of the 
front-panel control. Proceed as follows: 


Procedure Send (a) DRAW instruction 
G) Terminator 
Result Pen lowers upon receipt of the terminator character(}) . Pen will automat- 


ically raise after 16 secands if no further drawing is requested. 


Performing A Move 


A user performs a move by program control. The instruction raises the pen, if down, and 
moves it from the present location to the graphic position specified by the first multiple 
byte pair parameter. If the instruction has more than one multiple byte pair parameter, the 
pen is lowered at this point and all succeeding moves within the specified graphic limits are 
made with the pen down. The following example illustrates moving from upper right (3040, 
2000 plotter units) to lower left (0, O plotter units) and drawing a box. 


Procedure Press the plotter front-panel |"! control. 


Send () MOVE instruction 
G) First move parameter to 


X,Y = 0, 0 plotter units 
(MBP format) 


eS (e) (0) () Second move parameter to 


X,Y = 0, 1000 plotter units 
(MBP format) 


(s) () (0) Cc) Third move parameter to 


X,Y = 1000, 1000 plotter units 
(MBP format) 


G) (4) (e) (@) Fourth move parameter to 


X,Y = 1000, 0 plotter units 
(MBP format) 
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Procedure Send oe Fifth move parameter to 
(Continued) X,Y = 0, 0 plotter units 


(MBP format] 
Q) Terminator 
Result Plot is drawn as shown in Figure 4-7. 


If the pen is down and the move instruction is received without parameters, the pen will 
raise. An example follows: 


Procedure Lower the pen using the plotter front-panel {,%| control. 


Send () 


Result The pen raises. This function parallels tre use of the front-panel 


control. 
Incremental Move And Draw 


The parameters of the incremental move and incremental draw instructions specify the X 
and Y incremental distances, in plotter units, that the pen is to be moved from its present 
position. The parameters are in the “pair of multiple byte numbers’’ (PMB) format. The 
incremental coordinates can have positive or negative values, and are referenced to a point 
of origin represented by the present pen position, as illustrated below. 


+V¥ 


-X +X 


SN present PEN POSITION 


(POINT OF ORIGIN) 


-Y 
In other respects the incremental moves and draws have the same characteristics as the move 


and draw instructions described earlier. In all of the following procedures the graph limits 
and grid sizes are assumed to be in their default values. 
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Figure 4-7. Performing a Move 
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The Incremental Draw 


A user performs an incremental draw by program control. The following example performs 
an incremental draw from upper right to lower left: 


Procedure Press the plotter front-panel pushbutton. 


Send G) INCREMENTAL DRAW 
instruction 


G) (a) (e) X-parameter = -3040 


plotter units (PMB format) 


GC) C) Y-parameter = -2000 


plotter units (PMB format) 


GQ) Terminator 


Result Pen lowers and draws a line from upper right (point of origin = 0, O plotter 
units) to lower left (-3040,-2000 plotter units) as shown in Figure 4-8. 


If an instruction specifies more than one incremental coordinate location, pen remains down 
and performs incremental draws in succession. The graphic position attained as the result of 
each draw becomes the point of origin for the following incremental coordinates. The fol- 
lowing example assumes that the pen is at the lower left as the result of the preceeding draw. 


Procedure Send G) INCREMENTAL DRAW 
instruction 


(e) (-) (4) First draw X parameter 


1000 plotter units (PMB format) 


First draw Y parameter 


0 plotter units (PMB format) 


Second draw X parameter 
OQ plotter units (PMB format) 
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Figure 4-8. Performing an Incremental Draw 
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Procedure Send @) o Second draw Y parameter 
(Continued) 


1000 plotter units (PMB format) 


) (@) (x) Third draw X parameter 


-1000 plotter units 
(PMB format) 


Third draw Y parameter 


0 plotter units (PMB format) 


(@) Fourth draw X parameter 


O plotter units (PMB format) 


@) SS) Fourth draw Y parameter 


-1000 plotter units 
{PMB format) 


G) Terminator 


Result A square, 1000 x 1000 plotter units, is drawn as shown in Figure 4-9. 


Computer 
Museum 


If one of the PMB coordinates specifies an increment that sends the pen outside of graph 
limits, the pen draws to the affected graph limit boundary upon receipt of the first character 
of the following parameter pair. At that boundary point the pen stops and raises. The pen 
remains in this position until a subsequent parameter of the same, or another, instruction 
returns the position of the pen to within the specified graph limits. The plotter calculates 
a vector from the exit point to the entrance point, and moves the pen in a raised state to 
the entrance point. At this point the pen is lowered and that portion of the draw which 
lies within the graphic limits is completed. The following example shows the effects of an 
out-of-limits incremental draw. 


Procedure Press the plotter front-panel Hens pushbutton. 


Send (s) INCREMENTAL DRAW 
instruction 


(0) Cr) First draw X parameter 


500 plotter units 
(PMB format) 
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Figure 4-9. Performing Successive Incremental Draws 
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Procedure Send CG) () First draw Y parameter 
(Continued) 


500 plotter units (PMB format) 


(0) () Second draw X parameter 


500 plotter units (PMB format) 


G) C) Second draw Y parameter 


2000 plotter units (PMB format) 


(e) Ce) (4) Third draw X parameter 


1000 plotter units (PMB format) 


(-) G) («) Third draw Y parameter 


~2500 plotter units 
(PMB format) 


G) Terminator 


Result Plot is drawn as shown in Figure 4-10. 


The Incremental Move 


The incremental move differs functionally from the incremental draw only in the following 
ways: 


a. The pen is initially raised. {f there are no parameters in the incremental move in- 
struction, the pen is raised in place with no change in position. 


b. The vector described by the first parameter-pair of the incrementa! move instruction 
is executed with the pen raised. If there is only one parameter-pair, the move is 
made with the pen raised, and the pen remains up at the conclusion of the move. If 
there is more than one parameter-pair, the corresponding moves are executed with 
the pen lowered. 


The following example draws the same plot as shown in Figure 4-10. 
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Figure 4-10. Performing an Out-of-Limits Incremental Draw 
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Procedure Press the plotter front-panel pushbutton. 


Send () INCREMENTAL MOVE 
instruction 


G) (a) (e) X-parameter = -3040 


plotter units (PMB format) 


GC) C) Y-parameter = -2000 


plotter units (PMB format) 


(0c) G) First move X-parameter 


500 plotter units (PMB format) 


CG) () First move Y-parameter 


500 plotter units (PMB format) 


(0) G) Second move X-parameter 


500 plotter units (PMB format) 


CG) GC) Second move Y-parameter 


2000 plotter units (PMB format) 


je) (#) Third move X-parameter 


1000 plotter units (PMB format) 


(-) G) &) Third move Y-parameter 


~2500 plotter units 
{PMB format) 


G) Terminator 


Result Pen moves from upper right to lower left with the pen up. Then the plot is 
drawn as shown in Figure 4-10. 
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Chapter 5 


Labeling 


Introduction 


This chapter contains instructions for performing label operations on the plotter. The Label 
Made is described, and the following topics are discussed. 


Overview 

The Label String 

The Label Group Instructions 

The Labeling Process (flow diagram) 
Character Definitions 

Default Specifications 

Invoking the Label Mode 

Locating the Label 

Terminating the Label Mode 
Designating the String Terminator 
Altering Character Size and Spacing 
Altering Character Slant 

Label Character Set Selection 

The Format Effectors 

The Left Label Margin 

Rotating the Label 
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Overview 


Labeling is performed by the plotter while it is operating in the Label Mode, which is in- 
voked by a LABEL MODE ON instruction. While the Label! Mode is in effect, all data pro- 
cessed from the plot data buffer is interpreted as a string of ASCII characters to be drawn 
or acted upon. Drawn characters are produced using previously-established character font, 
size and slant specifications. 


Labeling begins at the current pen position (the logical pen position in effect at the time the 
Label Mode is invoked). The direction of labeling is normally horizontal, left-to-right, but 
is subject to rotation produced by the ROTATE and ROTATE AT LAST ANGLE instruc- 
tions. Labels are also subject to clipping at the graph limits. 


The Label Mode is terminated when the previously-designated Label String Terminator is 
encountered and processed in the label string, 


Default specifications for Standard and Alternate font designations, character size and slant, 
and label string terminator, are established in the plotter during Power-On and Initialize 
Operations. Thereafter, they may be altered by plotter instructions. Once established, by 


Qefalt or by instruction, the lebeling specifications remain effective forall subsequent 


Label Mode Operations, until programmatically changed, They cannot be altered within a 


label string, because graphic instructions cannot be executed while the Label Mode is 


invoked. 
The Label String 


The label string may contain any number of characters. The currently-designated label 
string terminator is considered part of the label string, and is the only required character in 
the string. The label string may contain any of the ASCII characters listed in Appendix D, 
except (wd) : ‘ ,or (cet) . (These four characters are intercepted by the plotter’s 
device control processor, and therefore are not stored in the plot data buffer.) 


The characters in the label string are of two categories: 


Control! Characters (decimal equivalent values 00-32): 

Of these, some have no labeling function and are ignored if they appear in the label 
string. The others function as label format effectors, or as character set selectors, and 
have no drawn representation. The functions of these characters are described later in 
this chapter, and in Chapter 10. 
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Graphic Characters (decimal! equivalent values 33-126): 


Each of the plotter’s six available character sets provides a graphic (drawn) repre- 


sentation for every ASCII character in this category (refer to Appendix A). 


The Label Group Instructions 


The five plotter instructions listed below are directly associated with labeling, and are 


therefore referred to as the “Label Group”. 


Instruction Name 


Purpose 


LABEL FONT 


LABEL SIZE 


LABEL SLANT 


SET STRING TERMINATOR 


LABEL MODE ON 


Designate a Standard Font and an Alter- 
nate Font from among the six available 
character sets shown in Appendix A. 
Specify character size and spacing, in 


plotter units. 

Specify character slant angle, in degrees. 
Designate an ASCII code which is to be 
interpreted as the label string termination 


character, 


Invoke the Label Mode in the plotter. 


The Labeling Process 


Figure 5-1 illustrates schematically how the Label Group instructions may be incorporated 


into a logical process to perform labeling. 
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START 


INITIALIZE 
PLOTTER 


SET STRING 
TERMINATOR 
INSTRUCTION 


SIZE, 


SLANT AND NO 


FONT OK 


LABEL 
FONT 


INSTRUCTION 


¥ 


LABEL LABEL 
SIZE SLANT 
INSTRUCTION INSTRUCTION 
T T 
¥ v 


yes, [ROTATE OR ROTATE} 
AT LAST ANGLE 
INSTRUCTION 


ROTATE 
LABEL 
2 


MOVE OR MOVE 
INCREMENTAL 
INSTRUCTION 


PEN 
POSITION 
ak? 


EON 
INSTRUCTION 


ASCII 
LABEL STRING 
CHARACTERS 


LABEL 


Figure 5-1. The Labeling Process 


ESTABLISH GEFAULTS. 


IF NOT SU{TABLE FOR 
LABEL STRING TERMINATOR, 
DESIGNATE A DIFFERENT. 
ASCIt CHARACTER. 


ALTER FONT, SIZE ANO 
SLANT, AS REQUIREO, 


ROTATE OIRECTION OF 
LABELING, AS REQUIREQ. 


MOVE PEN, AS NECESSARY, 
TO STARTING LOCATION 
FOR NEXT STRING OF 
LABEL CHARACTERS. 


INVOKE LABEL MOOE. 


ORAW LABEL. 


TERMINATE LABEL MDOE, 
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Character Definitions 


In general, a drawn character is produced in an area of plotting space called the character 
cell, an imaginary rectangle or parallelogram which is illustrated in Figure 5-2. Character 
dimensions are related to the spacing dimensions in the manner indicated in the diagrams. 
The lower left corner of a character cell is referred to in this chapter as the character origin. 
The location of a character or symbol in plotting space is defined by the location of its 


character origin. 
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Figure 5-2. Character Definitions 
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Default Specifications 


The following default specifications pertinent to labeling are established in the plotter dur- 


ing an Initialize operation: 


Label Font: 
Standard Font, Alternate Font = Character Set No. 0 (ANSI standard ASCII). 


Label Size: 
Line Spacing = 50 plotter units (LINE dimension in Figure 5-2). 
Character Spacing = 25 plotter units (SPACE dimension in Figure 5-2). 
Assuming default grid size and graph limits, this yields four lines per inch vertically, 
and eight characters per inch horizontally. 


Label dant 
Character slant angle = 90.0 degrees (vertical, ‘rectangular’ characters). 


Label String Terminator: 
character (equivalent numeric value = 03). 


NOTES 


In the exercise procedures described in this chapter, Carriage 
Return/Line Feed Operations are denoted in the send se- 
quence as (cR (ur). The meaning of the dashed circle is 
as follows: if the sending device automatically appends a 

character whenever a is generated, omit the (FY 


/ 
in the send sequence. Otherwise, include it. 


If the exercise procedures are performed from a terminal 
keyboard, some of the ASCII characters (particularly the 
control characters) may require use of the CONTROL key 
on the keyboard. Refer to the terminal’s user manual or to 
Appendices A and D in this manual for this information. 
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Invoking The Label Mode 


The Label Mode is invoked in the plotter when the LABEL MODE ON instruction is pro- 
cessed from the plot data buffer. Subsequent data, up to and including the label string 
terminator, is drawn or acted upon as a string of label characters. 


Procedure 
NTER ee 
Depress on the plotter front panel (initialize). 


Send () C) C) PLOTTER ON instruction, 
©) C) LABEL MODE ON instruction. * 
Q) (a) (e) Q) Label String (ASCI! characters). 


) Default String Terminator. 
*In LOCAL mode only, the character 6”) can be substituted for () @ 


Result (Refer to Figure 5-3) 


The word “LABEL” is drawn, beginning at the lower left graph limit position, utilizing the 
default Standard font and the default values for character size and slant established by the 
Initialize process. The Label Mode is terminated by 


DEFAULT 
GRAPH LIMITS 


STARTING LOCATION 


Figure 5-3. Labeling with Default Specifications 
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Locating The Label 


Labeling begins at the current pen position if it is within the specified graphic limits. Spec- 
ifically, the character origin (refer to Figure 5-2) of the first label character position is 
located at the pen position in effect when the label mode is invoked. 


Thus, a label may begin at the pen position attained at the completion of any of the follow- 
ing plotter instructions: MOVE, DRAW, INCREMENTAL MOVE, INCREMENTAL DRAW, 
ARC CLOCKWISE, or ARC COUNTER-CLOCKWISE. Customarily, labels are located by 
issuing a MOVE or INCREMENTAL MOVE just prior to the LABEL MODE ON instruction. 


Procedure 
Send () G) (2) MOVE to coordinate location 
100, 100. 
©) @) LABEL MODE ON instruction. 
() (0) (v) ©) Label string characters. 
&») Default string terminator. 
Result (Refer to Figure 5-4) 


The word “MOVE” is drawn with the character origin of the letter “’M” located at location 
100, 100, as specified by the MOVE instruction. 


MOVE 


Pees (100, 100) 


(0,0) 


Figure 5-4. Locating a Label Via the MOVE Instruction 
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Consecutive LABEL MODE ON instructions cause their label strings to be drawn as if they 
were one continuous label string. Labels may also be located by the manual pen controls 
on the plotter front panel. 


Procedure 


Use the “arrow” pushbuttons on the front panel to position the pen. 


Send (-) ©) LABEL MODE ON instruction. 


G) (2) 9) Draw ‘19’ and terminate. 
G) CG) LABEL MODE ON instruction. 
@) @) =») Draw 77" and terminate. 


Result (Refer to Figure 5-5) 


The legend “1977” is drawn in two contiguous segments, and is located at any convenient 
position by the front panel controls on the plotter. 


FIRST 
SEGMENT 


—— 


Ley, 


—— 


SECOND 
SEGMENT 


STARTING LOCATION SET BY 
FRONT PANEL CONTROLS 


Figure 5-5. Contiguous Label Segments 


Once the Labe! Mode is invoked, it can be terminated only by one of the following means: 


1. Recognition of the currently-designated string terminator in the label string. 


2. A Graphics Abort sequence (=) e (x) 


3. An Initialize operation generated from the plotter front panel. 
4. Power-Off/Power-On sequence. 


Loss or omission of the string terminator causes subsequent characters, which are intended as 
instruction codes and parameter data, to be treated by the plotter as label string characters. 


Procedure 


Send C) C) LABEL MODE ON instruction. 


(aN 


EX, (Omit this character) String terminator. 


(:) (2) ARC CLOCKWISE instruction. 
G) NOP (instruction delimiter). 


Result (Refer to Figure 5-6) 


— 


When the €) is omitted, the subsequent ARC CLOCKWISE instruction is drawn as a 
label (Detail A), rather than executed (Detail B). 


DETAILA DETAIL B 


STRING 
stop ta 3 stop }|<— TERMINATOR 
INCLUDED, 


STRING TERMINATOR 
OMITTED. 


Figure 5-6. Omission of a String Terminator 
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Designating The String Terminator 


lf the default string terminator €rx) is not suitable for the particular application, any 
other ASCI! character code except (wv), 7 , or Get) may be substituted, by 
designating the desired character in a SET STRING TERMINATOR instruction. 


Procedure 
Send GC) Q) SET STRING TERMINATOR 
instruction. 
G) MBN parameter = 10 (designates 
as label string terminator). 


©) C) LABEL MODE ON instruction. 
() («) (c) () Label string characters. 

E) “Phantom’’ terminator. 

(n) (0) (w) Label string, continued. 

(ir) Carriage Return and Line Feed. 


(Terminate the Label Mode.} 


() (2) ARC CLOCKWISE instruction. 
G) Instruction delimiter. 


Result (Refer to Figure 5-7) 


The (cr) character is designated as the label string terminator, replacing - . The label 
sequence includes as a “phantom” character to show that it has no effect. The label 
mode terminates after is executed as a format effector, which is its normal func- 
tion in a label string. 
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stop now 


LINE FEED 
TERMINATES 
LABEL MODE. 


Figure 5-7. Designating a New String Terminator 
Note that if the sending device automatically: includes a line feed with a carriage return, 
should still be the designated string terminator rather than , even though (7) is not 


specifically entered as a label string character. 


The default string terminator can be re-designated by omitting the parameter from the SET 
STRING TERMINATOR instruction. 


Procedure 


Send (-) G) SET STRING TERMINATOR 


instruction. 


©) e& LABEL MODE ON instruction. 
G) () (0) (e) ) Label string characters. 
Gr) Default string terminator. 


(«) (a) Gacy ARC CLOCKWISE instruction. 
G) Instruction delimiter. 


Result (Refer to Figure 5-6, Detail B) 


is redesignated as the string terminator. The subsequent label and circle are drawn 
the same as in Detail B of Figure 5-6. 
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Altering Character Size And Spacing 


The size of individual characters, and the horizontal and vertical spacing between them, is 
specified by the LABEL SIZE instruction. Figure 5-8 illustrates the relationships between 
spacing and character size. The LABEL SIZE instruction specifies the line-spacing dimen- 
sion (LINE) and the character-spacing dimension (SPACE); and the character dimensions are 
thereby implied. Both dimensions are treated in plotter units, so the actual drawn dimen- 
sions depend on grid size and graph limits. The default values are LINE = 50 plotter units, 
SPACE = 25 plotter units. 
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Figure 5-8. Character Line and Space Definitions 
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Procedure 


Send (-) LABEL SIZE instruction. 
©) C) G) (x) Specify SPACE = 90, LINE = 600. 


(in MBP parameter format) 


C) e LABEL MODE ON instruction. 
VOOOO®e 
QOWOOO® 


Result (Refer to Figure 5-9) 


Label String, with terminator. 


TALL 


The legend thin is drawn, with character and line spacing equal to 90 and 600 plotter 


units, respectively. The upper-case alphabetic characters are each 60 plotter units wide and 


300 plotter units high. The (ur) sequence places the character origin of the ‘‘t”’ 


in ‘thin’ 600 plotter units below that of the ’T” in “TALL”. 


Character and Line spacing revert to their default values if the parameters are omitted from 
the LABEL SIZE instruction, 


Procedure 


Send ©) LABEL SIZE instruction. 
©) ©) LABEL MODE ON instruction. 
(“) (a) (e) () @) Label string and terminator. 


Result The word “LABEL” is drawn in default size (LINE = 50, SPACE = 25 plotter units). 
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Figure 5-9. Specifying LINE, SPACE 
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Altering Character Slant 


The slant of individual characters in a label is specified by the LABEL SLANT instruction. 
The slant angle is the angle of the left side of the character cell, measured counter-clockwise 
from the character base line. (Refer to Figure 5-10.) Note that the vertical height of char- 


acters and the line spacing are not affected by the slant angle. 
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Figure 5-10. Character Slant Angle 


The default slant angle is 90.0 degrees, which produces vertical, rectangular characters. 
Slant angles between 0.0 and 90.0 degrees produce characters with a“ forward” slant; while 


angles between 90.0 and 180.0 degrees produce a ‘’backward”’ slant. 
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Procedure 


Send C) () LABEL SLANT instruction. 


(c) MBA parameter: Angle = 67.5 
degrees. 


©) oS LABEL MODE ON instruction. 
(H) () (F) Label string and terminator. 
(~) ¢) LABEL SLANT instruction. 
(e) MBA parameter: Angle = 112.5 


degrees. 


(~) oS LABEL MODE ON instruction. 
(#) (*) (=) Label string and terminator. 


Result (Refer to Figure 5-11) 


The legend “‘HP’’ is drawn twice, with slant angles of 67.5 and 112.5 degrees, respectively. 
Note that the LABEL SLANT instruction alters the slant of individual characters with 
respect to the base line of lettering; it does not alter the angle of rotation of the line of 
lettering. Note also that the line-feed operation causes a displacement perpendicular to the 
base-line of lettering, regardless of the slant angle. 
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67.5 DEGREES 
_ — — BASELINE 
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Figure 5-11. Forward and Backward Slants 


Angles specified greater than 180.0 degrees are treated by the plotter as values 180.0 less 
than the specified value, so that the subsequent characters are not inverted. 


Procedure 
Send C) CV) LABEL SLANT instruction. 
(«) MBA parameter: Angle = 247.5 
degrees. 


C) C) LABEL MODE ON instruction. 
bos : 
\ aie) Label string and terminator. 
oS CV) ; LABEL SLANT instruction. 
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Procedure (Continued) 


Send (m) MBA parameter: Angle = 292.5 
degrees. 


C) C) LABEL MODE ON instruction. 
(4) () (=) Label string and terminator. 


Result The specified slant angles of 247.5 and 292.5 degrees are treated as 67.5 and 112.5 
degrees, respectively. The labels appear identical to those of Figure 5-11. 


The slant angle reverts to its default value of 90.0 degrees if the MBA parameter is omitted 
from the LABEL SLANT instruction. 


Procedure 


Send () C) LABEL SLANT instruction. 
(-) S LABEL MODE ON instruction. 
(4) (*) (=) Label string and terminator. 


Result The legend “‘HP” is drawn with vertical, rectangular characters. 
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Label Character Set Selection 


Standard And Alternate Fonts 


The plotter can draw graphic characters from any of six available character sets herein after 
called fonts. Appendix A shows, for each ASCII graphic character, the corresponding drawn 
symbol or character in each of the six fonts. Prior to invoking the label mode, one of the 
six fonts is designated as the Standard Font, and another or the same font is designated as 
the Alternate Font. After the label mode is invoked, the ASCII graphic characters in the 
label string are processed using either the Standard Font or the Alternate Font — whichever 
of the two is currently selected. 


Initialize operations automatically designate Font No. O (the ANSI Standard ASCII char- 
acter set) as both Standard and Alternate Font, and select the Standard Font for label 
processing. 

Changing The Label Font 


Selecting a particular font for label processing can involve two steps: 


1. Designate that particular font as either the Standard or the Alternate Font, via the 
LABEL FONT instruction, prior to invoking the Label Mode. 


2. Select the currently-designated Standard or Alternate Font, as appropriate, after 


the Label Mode is invoked. This is accomplished by two control characters which 
can appear in the label string: (refer to Appendix D for Control Character listing). 


implies ‘select the Alternate Font’; 


implies ‘select the Standard Font". 
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Procedure 


Send (-) (°) LABEL FONT instruction. 
‘eS MBP parameter: Std = 1, 


Alt = 5. 


(-) ©) LABEL MODE ON instruction. 
C4) (7) (2) (2) @) G) Graphic characters to be drawn 


from Standard Font (Font 


SOO OOO» 
Lan : 
LF Move to next line of lettering. 
Switch to Alternate Font. 
G) @) (2) (2) Gi G) Graphic characters to be drawn 
from Alternate Font (Font 


SOQOOO®s 
(=) Label string terminator. 


Result (Refer to Figure 5-12) 
Character sets 1 and 5 are designated as the Standard and Alternate Fonts, respectively. 
Then two identical sequences of ASCII characters are drawn: first from the Standard Font 


(because the standard font is automatically invoked by plotter initialization); then from the 
Alternate Font, which is invoked by the character in the label string. 


FONT NO. 1 (STANDARD) mt/oe 1 > Fonts 
FONT NO. 5 {ALTERNATE} thee 1 } =V[T< T 


Figure 5-12. Font Selection 
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Since the Alternate Font is now the currently-selected font, a label can be drawn using a 
different font by re-designating the Alternate Font. 


N 


Procedure 


Send (-) (*) LABEL FONT instruction. 
(2) MBP parameter: Std = 1, 


Alt = 3. 


(-) Ce) LABEL MODE ON instruction. 
Cd) (7) (2) (2) @) G) Graphic characters to be drawn 
from Alternate Font (Font 
EOS OOO) tes 
Logs M line of 
thy ove to next line of lettering. 
(=) Switch to Standard Font. 
CG) @) (2) (2) Q) G) Graphic characters to be drawn 
from Standard Font (Font 


SBOOOOO) 
(=) Label string terminator. 


Result (Refer to Figure 5-13) 
The Alternate Font is re-designated as Font No. 3, and the same sequence of ASCII char- 
acters is drawn from the Alternate Font. The Standard Font is then selected and the char- 


acter sequence is repeated. Note that the um/aut characters in Font No. 3 imply an auto- 
matic backspace. 


FONT NO. 3 (ALTERNATE) ie 7 ve e, alk f£ on + Ss 
FONT NO. 1 (STANDARD) T “ 2 2 i = f On ts 


Figure 5-13. Re-designated Alternate Font 
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Designation of the Standard and Alternate fonts reverts to Font No. 0, the default, if the 
MBP parameter is omitted from the LABEL FONT instructions. 


Procedure 


Send (-) (*) LABEL FONT instruction. 
(-) ©) LABEL MODE ON instruction. 


Result (Refer to Figure 5-14) 


Label string and terminator. 


The label is produced using the ANSI Standard ASCI! Character Set (Font No. 0). 


ee Ree ae 


Figure 5-14. Reverting to the Default Font 
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The Format Effectors 


Several of the ASCII control codes (decimal equivalent values O0-32) cause “non-printing’”’ 
label functions to be performed when they are processed as label string characters. The 
functions of these format effectors are generally self-explanatory, or can be related to simi- 
lar functions on a typewriter. (Refer to Table 5-1.) 


Table 5-1. Format Effectors 


Name of Label Analogous Function or 
ASCII Character Format Function Effect on a Typewriter 
Carriage Return Carriage Return* Carriage Return (without 
{move pen to left margin) automatic line index) 
(+) Line Feed Line Feed Index 
(move pen down one line) (roll paper up one line) 
(*) Vertical Tab Inverse Line Feed 
(move pen up one line) (roll paper down one line) 
(Fr) Form Feed Set Label Origin Set Left Margin 
S) Forward Space Forward Space Space 
Backspace Backspace* | Backspace 
(*) Horizontal Tab Forward Half-space Half-space 


*Unlike its typewriter counterpart, the Backspace format effector can produce 


backspacing to the left of the left margin. From that position, the character 
causes a return to the right, to reach the left margin. 
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The Left Label Margin 


The Jeft label margin, as herein discussed, is an imaginary line which is perpendicular to 
the baseline of lettering, and passes through a logical point called the label origin. When a 

character is processed, the pen and the current character origin are moved to the cur- 
rent location of the label origin, on the left margin. The label origin is moved, one line- 
space at a time, up and down along the left margin by the ) and (ir) format 
effectors. There is no logical right margin for labeling. 


The following procedure illustrates the effects of the ; (vr) and (er) characters. 


Procedure 


Send C) GC) LABEL MODE ON instruction. 
a Label String and Label Ter- 
eae eee 
LF 7 minator. 


Result (Refer to Figure 5-15) 


In the illustration, the arrows show the movements of the current character origin produced 
by the indicated format effectors. The heavy dots represent the corresponding positions 
taken by the label origin. 
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Figure 5-15. The Label Origin and Left Margin 
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Establishing The Left Margin 


Prior to invoking the Label Mode, the left margin is established when a label origin is located 
by any of the following means: 


Power-On and Initialize Operations. The label origin is reset to the lower-left graph limit 
position. The left margin is coincident with the left graph limit. 


Plotter Front Panel Cursor Controls. The label origin is established at the pen position 
attained when the pushbuttons are released. 


Absolute MOVE and DRAW Instructions. The label origin is established at the endpoint 
of the vector specified by the instruction. 


When the front panel controls or the MOVE or DRAW instructions are used to determine 
the starting location of a label, the label origin is automatically located at the same point. 
This is not the case when the starting location is determined by an INCREMENTAL MOVE, 
INCREMENTAL DRAW, ARC CLOCKWISE or ARC COUNTER-CLOCKWISE instruction. 
These instructions cause pen movements to be generated incrementally, and do not affect 


the label origin and left margin. 


Procedure 


Send C) (c) (a) Gmc) Set Label Size 
() (a) (e) (#) (e) MOVE to location (512, 512) 
C) ‘e LABEL MODE ON instruction. 
(a) (a) (=) Draw A’s, and terminate. 
() (2) (e) (c) ARC CLOCKWISE instruction. 
GC) C) LABEL MODE ON instruction. 
(cr) (ar) Draw B's under the A’s. 
(m) Terminate label mode. 
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Result (Refer to Figure 5-16) 


The first label segment, ““AA’’, and the label origin, are located by a MOVE instruction. A 
circle is drawn around the A’‘s using an ARC CLOCKWISE instruction. The circle starts and 
ends at the character origin adjacent_to the second ‘A’. Since this instruction does not 
affect the label origin, the c : operation in the second label segment places the 
characters “BB” directly under the A‘s, against the left margin originally established for the 


label. 
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LABEL ORIGIN 

ESTABLISHED START AND END 
BY MOVE 

iNeraUe right | POINT OF CIRCLE 


| 
| 


Figure 5-16. Establishing and Preserving the Left Margin 


Moving The Left Margin 


While the Label Mode is invoked, the left margin can be moved by re-establishing the label 
origin using either of two methods: 


Plotter Front Panel Cursor Controls. The arrow pushbuttons are effective while the Label 
Mode is invoked. Label execution is suspended while the pushbuttons are depressed, and 
the new label origin is established when they are released. 


Set Label Origin Character. The (F) format effector causes the label origin to be re- 
located to the current character origin. 
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Procedure 


Move pen to any convenient location. 


Send GC) ©) LABEL MODE ON instruction. 
(a) (a) () Draw A's and move margin. 
Draw B's. 
Cry @ (c) Draw C’s under the B’s. 
) Terminate Label Mode. 
Result (Refer to Figure 5-17) 


A new margin is established by moving the label origin to the character origin current when 
the (FF) character is processed. 


ORIGINAL 
MARGIN 


NEW MARGIN 
ESTABLISHED BY 


(FF) CHARACTER 


Figure 5-17. Using “Set Label Origin” 
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Rotating The Label 


The direction of labeling can be rotated by plotter instructions or by use of the plotter 
front panel controls. 


Procedure 


Send (>) (Cs) (e) () (e) MOVE to location (768, 768). 
(a) (n) (e) (4) (e) DRAW to location (1024, 512). 


(x) ROTATE AT LAST ANGLE 
instruction. 


G) C) LABEL MODE ON instruction. 
(ie 

OOO OO 

(a) (x) (s) t © : First label string. 

(=) Terminator. 

(w) (a) ROTATE 90.0 degrees. 

G) ‘@ LABEL MODE ON instruction. 

(r) Reset label origin. 

MOM 

@) Terminator. 


Result (Refer to Figure 5-18) 


Set label string. 


The first label is drawn in the direction of the vector produced by the DRAW instruction; 
the second label is rotated 90.0 degrees from the first one. Note that the label margin also 
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rotates so that it remains perpendicular to the baseline of lettering. The reason for including 
the character in the second label can best be seen by repeating the procedure, omit- 
ting the (FF) in tne send sequence. 


1768, 768) (ROTATE 90.0 
DEGREES) 


(1024, Oe 
Ye 


4 
ty, 


¥ Se 
SLY 90.0 DEGREES 
ve 
rN 
aK 
~“ 
(ROTATE AT 
LAST ANGLE) 


Figure 5-18. Label Rotation 


By depressing 
the direction of labeling is rotated to the direction of the arrow (see Figure 5-19), This 


, followed by any of the ‘‘arrow’’ pushbuttons on the front panel, 


function can be performed in LOCAL mode only. 


Figure 5-19. Rotating Labels From Front Panel (LOCAL mode only) 
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Chapter 6 


Extended Graphic Instructions 


Introduction 


This chapter describes the following functions: 


Drawing Circles 
Drawing Arcs 

Arc Tolerance 
Rotate Instruction 
Rotate At Last Angle 


Fixed Dash Line Plotting 7 
Variable Dash Line Plotting 6 
Terminating The Dash Line Mode 
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Drawing Circles 


Circles and arcs are plotted in either a clockwise (CW) direction or, a counterclockwise 


(CCW) direction, with the current pen position being the point of circle origin as shown 


in Figure 6-1, 
oe 


90° 


POINT OF 
CIRCLE ORIGIN 


180° 


270° 


Figure 6-1. Circle Plot 


Clockwise Circles 


To draw a circle in a clockwise direction, proceed as follows: 


Procedure Send () ARC CLOCKWISE instruction 


(a) (e) Radius parameter, 256 plotter 


units (MBN format). 


G) Terminator (NOP) 


Result A circle with a radius of 256 plotter units is drawn in a clockwise direction. 
See Figure 6-2. The actual plot made with the foregoing procedure is shown 
in Detail A, Figure 6-22. 
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256 
PLOTTER 
UNITS 
RADIUS 


START AND 
STOP POINT 


Figure 6-2. Arc Clockwise 


Counterclockwise Circles 
To draw the same circle in a counterclockwise direction: 


ARC COUNTERCLOCKWISE 


Procedure Send 
instruction. 


Terminator (NOP). 


Oe 


Retrace the circle just plotted in a counterclockwise direction (see Figure 
6-3). Note that when no new radius parameter is specified, the plotter uses 
the last radius parameter received for the new instruction. The actual plot 


Result 


drawn with the instruction is shown in Detail A, Figure 6-22. 


~ 


256 
PLOTTER 
UNITS START AND 
RADIUS STOP POINT 


Figure 6-3. Arc Counterclockwise 
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Changing Start-Stop Points 


To change the start-stop point on a circle, proceed as follows: 


Procedure Send () ARC CLOCKWISE instruction. 
(a) (e) Radius parameter, 256 plotter 

units (MBN format). 
Gy) Start Angle parameter, 180° 


(MBA format). 


CG) Terminator. 


Result A circle with a radius of 256 plotter units is drawn in a clockwise direction, 
As a start angle of 180° is given, the current pen position, which had been 
the 0° point of origin when no start angle was given, now becomes the 180° 
point of origin. The clockwise plot is from 180° through 0°/360° back to 
the 180° point of origin (see Figure 6-4). The actual plot is shown in Detail 
B, Figure 6-22, 


180° 0° /360° 


START AND 
STOP POINT 


Figure 6-4, Start Angle 180° 
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Drawing Arcs 


Having plotted clockwise and counterclockwise using a start angle, drawing an arc is per- 


formed by adding a stop angle. This function is performed as follows: 


ARC CLOCKWISE instruction. 


(e) Radius parameter, 192 plotter 


units (MBN format). 


(4) Start Angle parameter 180° 


Procedure Send 


(MBA format). 


Stop Angle parameter 247.5° 
(MBA format). 


Terminator. 
Result Draws an arc in a clockwise direction from the 180° point of origin, through 
the 0°/360° to the 247.5° point (see Figure 6-5). The plot is shown in 
Detail B, Figure 6-22. 
Ares generated by the plotter are circular in the default plotter unit coordinate system. 


Plotted arcs will also be circular if the SET GRID S!ZE instruction defines a square grid. 
If a square grid has not been set up, the plotted arcs will be elliptical. 


. 


RADIUS 
192 PLOTTER 
UNITS 


180° 0° /360° 


START AND 
STOP POINT 


247.5° 


Figure 6-5. Arc From 180° To 247.5° 
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Arc Tolerance 


When the plotter receives an Arc instruction the plotter actually generates a series of chords 
that are used to approximate the required arc. The distance between these internally 
generated chords and the required arc, stated in plotter units, are specified in the ARC 
TOLERANCE instruction, See Figure 6-6. 


DEVIATION 


\ 


A MAXIMUM DEVIATION FROM 
1 TO 63 PLOTTER UNITS CAN BE 
SET BY ARC TOLERANCE INSTRUCTION 


Figure 6-6. Arc Tolerance Deviation 


The number of straight line chords used to draw an arc varies according to the radius and 
the arc tolerance used; however, the minimum number of chords the plotter uses to draw 
a circle is eight. 


It should be noted that smaller tolerances result in more chords being drawn which, in turn, 
produces a smoother arc. The more chords drawn the more time it takes to plot. 
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Worse Case Arc Tolerance 


The following sample plot illustrates “worst case’’ arc tolerance. 


Procedure Send (-) G) ARC TOLERANCE instruction. 
@) Arc tolerance 63 plotter units 


(SBN format). 


() ARC CLOCKWISE instruction. 


Ge) Radius parameter 400 plotter 
units (MBN format). 


Terminator. 
Result Draws a circle with a ‘worst case” arc tolerance. Circle is approximated by 
eight chords (see Figure 6-7). The actual plot is shown in Detail C, Figure 


6-22. 


Figure 6-7. Arc Tolerance of 63 Plotter Units 
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Decreasing Arc Tolerance 


By decreasing the are tolerance, a smoother circle is plotted using more chords and taking 
a longer execution time as follows: 


Procedure Send (-) (7) ARC TOLERANCE instruction. 
(4) Arc tolerance 8 plotter units. 


G) ARC CLOCKWISE instruction. 
CG) Terminator. 
Result Draws a circle with an arc tolerance of 8 plotter units which uses 16 chords. 


Notice that the radius parameter used is the last one the plotter received 
(see Figure 6-8). The plot made by the instruction is shown in Detail C, 


Figure 6-22. 


Figure 6-8. Arc Tolerance of 8 Plotter Units 
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Default Arc Tolerance 
The default value for the Arc Tolerance is 1 plotter unit, which provides the best possible 


arc or circular plot. If the Arc Tolerance instruction is sent without a tolerance being 
specified, the plotter reverts to its default value of 1 plotter unit as follows: 


Procedure Send (-) G) ARC TOLERANCE instruction. 
G) ARC CLOCKWISE instruction. 


Terminator. 


Result Draws a circle with an arc tolerance of 1 plotter unit (see Figure 6-9). The 
actual plot is shown in Detail C, Figure 6-22. 


Figure 6-9. Arc Tolerance of One Plotter Unit 
1 
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Rotate Instruction 


The Rotate instruction affects all vectors except absolute moves and draws. Each instruc- 
tion allows the affected vectors to be rotated counterclockwise about their starting points 
with the specified angle being added to the current rotation angle in effect. If no previous 
angle is specified, it is added to zero degrees, which is the default value of the rotation 
parameter. 


Like the ARC instruction, the ROTATE instruction assumes a square grid has been set up 
with the SET GRID SIZE instruction; otherwise, the plotted angles incline more toward the 
stretched axis. To demonstrate the Rotate instruction a four sided box is drawn, then 
rotated and labeled as follows: 


Drawing A Square 


Procedure Send G) INCREMENTAL DRAW instruc- 
tion. 


@QOOQ mm | 
DOOe Sei 
OOOO: ~te 2 
OOGG etee = 
O Sa 


Result Draws a four sided box, each side being 300 plotter units in length (see Figure 
6-10). The actual square is shown in Detail D, Figure 6-22. 


Figure 6-10. Incremental Draw Box 
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Rotating 45° 


To rotate the box counterclockwise by 45° proceed as follows: 


Procedure Send Gwe) ROTATE instruction. 


Result 


(o) Incremental rotate angle para- 


meter for 45° (MBA format). 


tion. 


@QQOOQ — tewane 
OOOO —wntnne 
QOOQ@ wwe \ 
. ) Ge) ac) Fourth move 


Draws a four sided box rotated 45° counterclockwise from previously plotted 
box (see Figure 6-11). The plot is shown in Detail D, Figure 6-22. 


@ INCREMENTAL DRAW instruc- 


eee | 


Figure 6-11. Box Rotated 45° 


147 


148 Extended Graphic Instructions 


Rotating Labels 


By leaving the ROTATE instruction at 45° and invoking LABEL MODE ON, the char- 
acter strings will be plotted at a 45° angle. To demonstrate this, use the front panel controls 
to position the pen about an inch to the left of the upper left hand side of the last drawn 
box and proceed as follows: 


Procedure Send G) C) LABEL MODE ON instruction. 
Type text, “This isa (1r) character string. 


rotated label” 
Send En) (ec) or x) Terminates LABEL MODE ON. 


Result Character string consisting of text, ‘This is a rotated label” is plotted at a 
45° angle (see Detail D, Figure 6-22). 


Rotating Arcs And Circles 


Extended Graphic Instructions 


The effect of the ROTATE instruction on arcs and circles is shown next. A circle is plotted 
with the point of origin at zero degrees then, four more circles each incremented 90° are 


drawn. Notice that each 90° angle specified is added to the angle of rotation currently 


in effect. 


Procedure Send (w) 


ROTATE instruction. As no para- 
meter is specified, rotate angle 
is set to zero degrees. 


ARC CLOCKWISE instruction. 


Radius parameter, 256 plotter 
units (MBN format). 


Rotate 90° (MBA format). 


ARC CLOCKWISE using last 
radius parameter. 


Rotate 90° (Cumulative angle 
equals 180°), 


ARC CLOCKWISE using last 
radius parameter. 


Rotate 90° (Cumulative angle 
equals 270°). 


ARC CLOCKWISE using last 
radius parameter. 


Rotate 90° (Cumulative angle 
equals 360°/0°). 


ARC CLOCKWISE using last 
radius parameter. 


Terminator. 
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Result 


See Figure 6-12 and Detail E, Figure 6-22. 


1. 


Draws circle #1 with the point of origin at 0°. 


Draws circle #2 with the point of origin rotated to 90°. 


Draws circle #3, the point of origin has again been rotated 90° to make 
a cumulative rotation angle of 90° + 90° = 180° = point of origin. 


Draws circle #4, the point of origin has been rotated another 90° which 
is added to the previous rotate angle, 180° + 90° = 270° = point of 
origin. 


Draws circle #5 which is really a retrace of circle #1 and brings the point 
of origin back to 0°. A rotation of 90° has been added to the cumulative 
rotate angle of 270° to 360° or, 0°. 


POINT OF #4 
ORIGIN 


#2 


Figure 6-12. Circle Rotation 
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Rotate At Last Angle 


This instruction is similar to the ROTATE instruction, except the angle of rotation is 
established equal to the last angle plotted (excluding front-panel moves) instead of being 
added to the previous value of the angle. ROTATE AT LAST ANGLE has no parameter. 


To demonstrate the Rotate at Last Angle instruction, four vectors are drawn, using the 
INCREMENTAL DRAW instructions. The last three vectors are rotated by the angle 
of the first vector to form an arrowhead at the tip. 


Procedure Send G) INCREMENTAL DRAW instruction. 
(v) () & First move aS 
() ROTATE AT LAST ANGLE instruction. 
G) INCREMENTAL DRAW instruction. 
(A) (n) (2) Second move ie 6 | 
(s) INCREMENTAL DRAW instruction. 
(e) (e) GC) GS) Third move in 
Gs) INCREMENTAL DRAW instruction. 


QOOO vrprm —R 
G) Terminator. 


NOTE 
The terminator does not take the plotter out of the 
ROTATE AT LAST ANGLE mode. To restore the plotter to 
its defauit rotate angle of zero degrees, send the ROTATE 
instruction (w) without specifying an angle. See ROTATE 
instruction. 


Result Draws an arrow using four vectors with the last three vectors being rotated 
by the angle of the first vector. The co-ordinate values of the last three 
vectors, in plotter units, are ~50,25; 0,-50 and 50,25. (See Detail F, Figure 
6-22.) 
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Fixed Dash Line Plotting 


The FIXED DASH LINE instruction enables all absolute and incremental vectors and arcs 
to be plotted in a specified dash line font, except the incremental vectors generated for label 
characters. As an arc is approximated by a series of chords, each chord is considered as a 
vector in dash line plotting. 


The three parameters that must be specified in this instruction are: 
a. Dash lengths in relative units. 
b. Space lengths in relative units. 
c. Pattern length in plotter units. 


To define these parameters and units, consider that a dash line pattern, 200 plotter units in 
length, is to be plotted using the dash line font shown in Figure 6-13. Relative units refer 
to the ratios between dash and space lengths. Relative unit parameters are encoded in 
sequence, from left to right, in accordance with the modified SBN format. 


DASH VS SPACE RATIO 
{RELATIVE UNITS) 


ve 2 1 


PATTERN LENGTH | 
200 PLOTTER UNITS 


i) 
t 
1 ' 
' 


Figure 6-13. Dash Line Font Example 


The line font is made up of a 2 unit dash, a 1 unit space, a 1 unit dash anda 1 unit space 
pattern sequence to be repeated in 200 plotter unit intervals as shown in Figure 6-14. 


PATTERN LENGTH 200 200 
ey 

PLOTTER UNITS 

LINE FONT eee) ea ee Se 

RELATIVE UNITS 2 vow 


Figure 6-14. Dash and Space Unit Values 
To demonstrate the dash line feature both a box and a circle will be plotted in dash line font. 
In the examples only two dashes and two spaces are specified in the line font. Actually, up 


to 8 dashes and 8 spaces, each one from Oto 31 relative units long, can be specified. A dash 
with length specified = 0 relative units defines a dot in the pattern. 


Drawing A Fixed Dash Square 


To draw a dash square, proceed as follows: 


sais Nesta) 
© 
© 
© 
@ 
OW 
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FIXED DASH LINE instruction. 


Two unit dash. 


One unit space. MODIFIED 


SBN** 


One unit dash. FORMAT 


One unit space. 


Pattern length 200 plotter units 
(MBN format). 


The above procedure invokes a dash line mode with a fixed pattern length. 


**The Single Byte Number (SBN) format covers the range of integers from 0 — 63; how- 


ever, only 0 — 37 is used in specifying dash line font parameters. Dash length parameters 
are defined by making binary bit #6 (32, ) true (1). The binary format for dashes and 


spaces thus becomes; 


Dash Length o61 OD 
Space Length 1085 


Send @) 


OOOO 
OOee 
YOO 
YOOX 


@ 


INCREMENTAL DRAW instruc- 
tion. 


First move t 
Second move — 
Third move | 
Fourth move <_—— 


Terminator. 
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Result Draws a four sided box, each side being 300 plotter units in length in dash 
line font (see Figure 6-15). The plot is shown in Detail G, Figure 6-22. 
This is the box, drawn in solid line format, in the ROTATE instruction 
example. Verify that there are 1-1/2 pattern lengths in each side of the box. 


300 


PLOTTER 
| UNITS | 


Figure 6-15. Fixed Dash Line Square 


Extended Graphic Instructions 


Drawing A Fixed Dash Circle 
To illustrate dash circle two circles are drawn using dash line font. The first circle has 


a ‘worst case’’ arc tolerance resulting in one chord being drawn every 45°. The second 
circle has the default “best case” arc tolerance. 


Procedure Send (-) G) ARC TOLERANCE instruction. 


Arc tolerance, 63 plotter units. 


G) ARC CLOCKWISE instruction. 


(*) Radius parameter, 400 plotter 
units (MBN format). 


Terminator. 
Result Draws a circle, approximated by eight chords, in dash tine font (see Figure 


6-16). The dash line font is the one previously defined in the procedure for 
Figure 6-15. The plot is shown in Detail J, Figure 6-22. 


Figure 6-16. Fixed Dash Line Circle With 63 Plotter Units Arc Tolerance 
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Procedure Send C) () ARC TOLERANCE instruction. 


Without a parameter, tolerance is 
set to default value (1 plotter 
unit). 


() ARC CLOCKWISE instruction. 
Uses fast radius received when 
no new radius parameter is sent. 


G) Terminator, 


Result Draws a circle in dash line font having a radius of 400 plotter units (see 
Figure 6-17). The plot is shown in Detail J, Figure 6-22. 


Figure 6-17. Fixed Dash Line Circle With 1 Plotter Unit Arc Tolerance 


Extended Graphic Instructions 


Variable Dash Line Plotting 


The VARIABLE DASH LINE instruction is similar to the FIXED DASH LINE instruction 
except, as its name implies, the pattern length is varied so that whole pattern jengths fit 
within each plotted vector. If the vector is shorter than the specified pattern iength, one 
complete pattern length is adjusted to fit between the end points of the vector. 


Again, each chord of an approximated arc is considered as a vector so, an integer number 
of dash pattern lengths will be drawn in each chord. 


After a Variable Dash Line instruction is received, the plotter looks at each of the following 
absolute vectors, incremental vector and arc parameters to be drawn and adjusts the pattern 
length on a vector-by-vector basis, so that an integer number of patterns will fit into the 
vector. 


To illustrate the variable dash line plot and allow an easy comparison to the fixed dash 
line plot, similar box and circle plots are made. 
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Drawing A Variable Dash Line Square 


Procedure Send (-) (R) 


OOOO@® 


®) 


VARIABLE DASH LINE instruc- 
tion. 


Four unit dash 


Two unit space 


Two unit dash 


Two unit space 


Four unit dash 


Pattern length, 200 plotter units 
(MBN format). 


The above procedure invokes a dash line mode with a variable pattern length. 


Send (s) 


COE 
OOS 
OOO 
aaa 


INCREMENTAL DRAW instruc- 
tion. 


First move { 
Second move — 
Third move | 
Fourth move — 
Terminator. 
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Result Draws a four sided box, each side being 300 plotter units in length in variable 
dash line font. Note that there are two complete pattern lengths in each side 
of the box. Note also, that the pattern specified starts and stops with a dash 
which provide a wrap-around effect at the vertices (see Figure 6-18). The 
plot is shown in Detail H, Figure 6-22. 


300 
PLOTTER 
UNITS 


| | 
iene oan 


Figure 6-18. Variable Dash Line Square 


160 Extended Graphic Instructions 


Drawing Variable Dash Line Circles 


Two circles are plotted next while in the variable dash line mode, then compared with the 
similar circles previously plotted using fixed dash lines. 


Procedure Send C) G) ARC TOLERANCE instruction. 
@) Arc Tolerance, 63 plotter units. 


() ARC CLOCKWISE instruction 
(using last radius parameter 
received). 
Go Terminator. 
Result Draws a circle, approximated by eight chords, in variable dash line font 


(see Figures 6-19 and 6-22, Detail K). 


Figure 6-19. Variable Dash Line Circle With 63 Plotter Units Arc Tolerance 


Extended Graphic Instructions 


Procedure Send ©) () ARC TOLERANCE instruction. 


Without a tolerance parameter 
plotter goes to default tolerance 
of 1 plotter unit. 


Ce) ARC CLOCKWISE instruction 
(using last radius parameter re- 
ceived). 

CG) Terminator. 

Result Draws a circle in variable dash line font, having a radius of 400 plotter units. 
See Figures 6-20 and 6-22, Detail K. 
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Figure 6-20. Variable Dash Line Circle With 1 Plotter Unit Arc Tolerance 


A careful examination of the last two circle plots will show that each chord in the ’’worst 
case” arc tolerance circle contains two complete pattern lengths. The best (default) arc 
tolerance circle shows at least one pattern length squeezed into each chord. 
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Terminating The Dash Line Mode 


To restore solid line plotting, send the FIXED DASH LINE instruction, (~) (a) without 
any font or pattern length parameters. To verify the plotter is out of the FIXED DASH 
LINE mode and, that the last radius parameter received can be used, draw a solid line 


circle, 


Procedure Send Qe) FIXED DASH LINE instruc- 


tion. Reverts to default solid 
line plotting when font and 
pattern length parameters are 


omitted. 

() ARC CLOCKWISE instruction, 
using last radius parameter re- 
ceived. 

G) Terminator. 

Result Draws a solid line circle having a radius of 400 plotter units (see Figure 


6-21). The plot is shown in Detail I, Figure 6-22. 


Figure 6-21. Solid Line Circle 
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ARC TOLERANCE DEVIATIONS 
DETAIL “C” 


ARC TOLERANCE 
63 PLOTTER UNITS 


ARC TOLERANCE 
8 PLOTTER UNITS 


ARC TOLERANCE 
AT DEFAULT VALUE 
1 PLOTTER UNIT 


RADIUS 400 


PLOTTER UNITS 
START AND STOP POINT 


Computer 
Museum. 


ROTATE INSTRUCTION 
DETAIL “D” 
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45° 
ROTATION 


Figure 6-22. Extended Graphic Instructions Sample Program Plots 
(Page 1 of 2) 
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Figure 6-22. Extended Graphic Instructions Sample Program Plots 
(Page 2 of 2} 
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Chapter 7 


Macro Instructions 


Introduction 


This chapter includes the following discussions: 


The Macro Define/Macro Terminate Instructions 
Defining Macros 

Invoking Macros 

Erasing Macros 


Automatic Macros 


During plotting many repetitive operations are required. Examples of typical repetitive 
operations are the setting of graph limits, grid size, dash line font and labeling. 


In order to minimize data transmission, which is especially desirable in timeshare systems, 
the plotter provides internal storage of data for use in repetitive operations. These inter- 
nally stored data strings are called Macro Instructions and hereinafter referred to as Macros. 


A Macro is simply a “copy of input graphic instructions’. This “copy” (Macro) can be 
inserted into the stream of graphic instructions using a minimum number of bytes to pro- 
vide a repeated execution of graphic plots. 


Up to 64 user defined macros can be stored in the Plotter’s Read/Write Memory (RAM) 
which has a capacity of 1128 eight-bit data bytes. An additional 2048 bytes of RAM is 
available as an option. The entire RAM capacity, less 100 bytes, can be used for storing 
macros. 


The RAM also provides input buffer space for incoming graphic instructions. As macros are 
defined, this input buffer space is reduced. A macro requires space for the total number of 
bytes in the macro, plus one. At any time the input buffer can be interrogated to determine 
the remaining buffer size. 


If the user attempts to overflow the buffer with macros, the ERROR lamp will light indi- 
cating a Macro Error Type 18. {Refer to Output Error Types in Chapter 1.) Note, that 
with any macro error, the macro in question is both ignored and erased. 
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The Macro Define/Macro Terminate Instructions 


To define a macro use the following format: 


Send (-) () MACRO DEFINE instruction. 


(a) This is a user assigned identifica- 
tion number, in this example A 
indicates macro #1, using the 

SBN format. 


Next, send the plot datastring for the desired graphic instructions. If the data string includes 
a LABEL MODE ON instruction, the label terminator also must be included before the macro 


is terminated. To terminate a macro: 


Send @) Macro Terminator. 


Defining Macros 


Once a macro define instruction with its identifying number has been sent, the previous 
definition with this identifying number is automatically erased. 


Three macros are defined below. The first draws the label ’’HP’’ once. The second macro 
invokes the first macro two times to produce the repeated labeling ‘HP HP’. The third 
macro invokes the second macro two times to produce, “HP HP HP HP’’. These macros 


demonstrate how one macro can be used to invoke other macros. Note, that a macro can- 
not invoke itself. 


Procedure ©) () MACRO DEFINE instruction. 
(a) Store macro under the identify- 
ing number 1 (SBN). 
GC) C) LABEL MODE instruction. 
(H) (e) Enters the fabel string “‘HP”. 


@) Terminates the Label mode. 
@) Macro Terminator. 
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Position the pen to a clear area on the chart paper. To verify that the macro has been 
sent and received correctly, invoke the macro by sending, @ (a) and check that 
the plotter prints, “HP”. 


Computer 
>Museum 


Continue with the other two macros: 


Procedure Send (-) (-) MACRO DEFINE instruction. 
Store macro under identifying 
number 2 (SBN format). 
CG) (@) CG) (a) Invokes the macro stored under 


the identifying number, ‘‘1'" two 
times (SBN format). 


@) Macro Terminator. 
(-) (+) MACRO DEFINE instruction. 
(c) Store macro under identifying 


number 3 (SBN format). 


Cd) Cd) Invokes the macro stored under 


the identifying number 2" two 
times (SBN format). 


G) Macro Terminator. 


Invoking Macros 


Having defined macros 1, 2 and 3 each macro is then invoked in turn. 


Procedure Send CG) (a) Invoke Macro 1. 
Gd) Invoke Macro 2. 
CG) @) Invoke Macro 3. 
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Result Plotter executes the graphic instructions stored as macros under identifying 
numbers 1, 2 and 3. 


Macro 1 causes the label ‘’HP” to be plotted. 
Macro 2 causes Macro 1 to be invoked twice printing ‘‘HP HP’’. 
Macro 3 causes Macro 2 to be invoked twice printing ‘’’'HP HP HP HP”. 


Remember that the Plug-in ROM is used for pre-defined macros but the user defined macros 
in RAM supersede them. 


Erasing Macros 


An individual macro can be erased by defining a null macro. For example, assume Macro 
#2 is to be erased, then the instruction is: 


©) (-) MACRO DEFINE instruction. 
Accesses macro stored at 2 (SBN 


Procedure Send 


format). 
Macro Terminator. 
Result Defining a macro with no plot data, effectively erases it. Attempts to invoke 
an erased macro will cause the ERROR lamp to light indicating a Missing 
Macro Error. 
To erase all macros stored in RAM, perform the following: 


Procedure Send G) MACRO DEFINE instruction 


(with no macro number). 
@) Macro Terminator. 


Result Causes all user defined macros stored in the Plotter’s Read/Write Memory to 
be erased. 
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Automatic Macros 


Quite often it is desirable to have an identifying symbol, such as an asterisk or an arrowhead 


plotted at the completion of each vector or arc. 


The desired identifying symbol is stored as a macro in the format previously described in 
this chapter. When the AUTOMATIC MACRO instruction is sent, the specified macro is 
automatically invoked upon completion of each vector or are. Once invoked, the AUTO- 
MATIC MACRO mode remains in effect until it is properly terminated. 


Invoking Automatic Macros 


Assume a centered symbol from Character Set #5 is to be added to each vector or arc. 


First, the macro is loaded as follows: 


Procedure Send ©) C) 


MACRO DEFINE instruction. 


Store macro under identifying 
number “3” (SBN format). 


LABEL FONT instruction. 


Designate Character Set #5 as 
the standard font. 


LABEL MODE ON instruction. 


Select standard font. 


Enters desired symbol as label 
string. 


Terminates the Label Mode. 


Macro Terminator. 


With the macro loaded, the AUTOMATIC MACRO instruction causes the macro to be auto- 
matically invoked upon completion of each are and vector in the same plot as follows. 


See Figure 7-1. 
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Procedure Send () (+) 


AUTOMATIC MACRO instruc- 
tion. 


Causes the specified MACRO to 
be automatically invoked upon 
completion of each arc and 


vector plot. 


INCREMENTAL DRAW 
instruction. 


First move (PMB format). 
Second move (PMB format). 
Third move (PMB format). 
Fourth move (PMB format). 
ARC CLOCKWISE instruction, 


Radius 256 plotter units, Start 
Angle 0°, Stop Angle 180°. 


ARC COUNTERCLOCKWISE 
instruction. 


Radius 256 plotter units, Start 
Angle 0°, Stop Angle 180°. 


NOP Delimiter. 


Result 


Macro Instruction 


Draws the pattern illustrated in Figure 7-1. Upon completion of each indi- 
vidual vector, or arc, the macro is automatically invoked to plot the six 
centered symbols. 


NOTE 

In the preceding exercise, the character set invoked by the 
macro is used to produce a special centered symbol at the end 
of each vector or arc. The user should be aware that this same 
character set remains selected for Label Mode operations after 
the Macro has been executed, unless another LABEL FONT 
instruction is executed. In general, any graphic specifications 
invoked within a macro, automatic or otherwise, are not 
exclusive to the macro but remain in effect upon termination 
of the macro. 


MACRO INVOKED 


Pa 
wee \ 


Figure 7-1. Automatic Macro Plot 
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Terminating Automatic Macros 


As stated earlier, once invoked an automatic macro remains effective until it is terminated. 
To terminate an automatic macro, the AUTOMATIC MACRO instruction is sent without an 


identifying number. 


Procedure Send (-) (@) AUTOMATIC MACRO 


instruction. 


CG) Terminator. 


Result AUTOMATIC MACRO mode is terminated. 


Chapter 8 


Input/Output Operations 


Introduction 


Device control instructions in the Input/Output (1/0) group provide the plotter with the 


flexibility required to operate in a wide variety of data communication systems. Basically, 


the Host Computer transmits data to the plotter while monitoring the plotter’s status to 


ensure the plotter receives the data and responds in the proper sequence. 


NOTE 


All Device Control Instructions start with the 


sequence, and are processed as soon as they are received by the 


plotter. They are not stored in the plotters’ graphic data buffer. 


The individual 1/O control instructions are described in this chapter in the following order: 


x 
e 


Set Output Mode 

Output Graphic Limits 

Set Output Mode (Default State) 
Output Current Position 

Output Digitized Point 

Abort Device Control Instructions 
Output Identification 

Output Status 

Output Buffer Size 

Output Buffer Space 

Output Error 

Set Handshake Mode 


Set Extended Output and Handshake Mode 


Set Plotter Configuration 
Output Extended Status 


*NOTE 


This instruction pertains primarily to the 7221S plotter and 
is relevant to the 7221B only to indicate that the paper ad- 
vance option is “’off’’ (not pertinent). 
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Set Output Mode 


The SET OUTPUT MODE instruction determines the way the plotter will respond to output 
requests and handshake protocol and, is typically formatted as follows: 


Refer to Chapter 10 for the definition of (DEC) and (ASC) 


formats. 


OOW 
QOH 


© 
O® 


SET OUTPUT MODE instruction. 


Turn-around time in milliseconds 
from 0 to 9999, 0 to 4 digits 
decimal (DEC) format, is the 
delay between an output request 
and the start of the transmission. 
When not specified, the default 
value is OQ milliseconds. 


Delimiter. 


Output trigger character (ASC 
format) typically Device Control 
One (DC1). This delays plotter 
response transmissions until the 
specified trigger character is re- 
ceived. Default value is 0 causing 
an immediate output response 
with no trigger character required. 


Delimiter. 
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G) Echo terminate character (ASC 


format) typically Line Feed (LF). 
When specified, causes input that 
would otherwise be interpreted 
as graphic data to be discarded 
from the time that an output 
starts until this character is re- 
ceived, Default value is O resulting 
in no echo bypass function or 
character. 


GC) Delimiter. 
G) &) Plotter output terminator (ASC 


format), with one or two bytes; 
typically Carriage Return (CR). 
When specified, follows all re- 
sponses to output instructions. 
Default character is Carriage 
Return. 


G) Control Instruction Terminator. 


To illustrate the foregoing, the typical format given is entered into the plotter; then, an 
output request is sent with the specified trigger. 


Assuming the plotter has been initialized, the pen is not out of limits and the plotter is 
connected to a terminal, proceed as follows: 


Procedure Send =) CG) (™) SET OUTPUT MODE instruction. 
(2) Turn around time, two hundred 


milliseconds (DEC format). 


G) Delimiter. 
G) @) Output Trigger Characters (ASC 


format-DC1). 
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@) Delimiter. 

G) Echo Terminate-LF (ASC format). 
@) Delimiter. 

G) (s) Output Terminator-CR (ASC 


format). 


eS Control Instruction Terminator. 


Next, a request is sent to the plotter to output its graphic limits. 


Send () (-) (6) OUTPUT GRAPHIC LIMITS 


instruction. 


Note that nothing happens, the plotter is now waiting for the trigger character, and all 
graphic instructions are ignored. 


Send én) (a) Output Trigger Character-DC1. 


NOTE 
CONTROL and O keys must be pressed simultaneously to 
send DC1. Keys for DC1 may vary from terminal to terminal. 


Result Having received the trigger character, the turn-around time delay is initiated 
and, after the specified two hundred millisecond delay, the plotter outputs 
the Graphic Limit parameters followed by a Carriage Return. The Echo 
Terminator (Line Feed) when received, causes the plotter to resume receiving 
input data into its buffer. 


An example of an output sequence is illustrated in Figure 8-1, with the 
dash lines indicating optional events. 
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OUTPUT INSTRUCTION: WHAT ARE YOUR GRAPHIC LIMITS? ESC.G 


AUTOMATIC PROMPT (IGNORED) 


HOST 
COMPUTER $20, 380, PLOTTER 


15720, 10380 


ECHO TERMINATOR 


Events : 


1. Plotter receives the output instruction. 


2. Host computer sends automatic prompt which is ignored by plotter until trigger 
character is received, If no trigger character is specified, no suppression occurs. 


3. Plotter receives trigger character and starts turn-around delay. If a trigger char- 
acter is not specified, then turn-around delay starts immediately after receipt of 


output instruction. 


4. After turn-around delay, if any, and when plotter is prepared to send, its output 
begins at the selected transfer rate, with commas as delimiters. 


5. Plotter outputs one, or two output terminator bytes, if specified. 


6. Plotter suppresses input when output starts until echo terminator is received. If 
no echo terminator is specified, then there is no suppression. 


7. Upon receipt of the echo terminator the plotter resumes receiving input into its 
buffer, 


Figure 8-1. Typical Plotter Output Sequence 
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Output Graphic Limits 


The OUTPUT GRAPHIC LIMITS instruction causes the plotter to transmit the location of its 
current lower left and upper right graphic limits in machine units. The manner in which the 
plotter responds to this instruction is defined by the SET OUTPUT MODE instruction, 
which was set in the previous procedure. 


Procedure Send the OUTPUT GRAPHIC LIMITS instruction, the Output Trigger char- 


acter and the Echo Terminator character shown in the previous example. 


Result The plotter, after a turnaround time of two hundred milliseconds, transmits 
the following output data. 


520, 380, 15720, 10380 
The first XY pair 520, (X) 380, (Y) are the coordinates of the lower left graphic limit. 
The second XY pair 15720 (X) 10380 (Y) are the coordinates of the upper right graphic 
limit. 


Note that the graphic limit parameters are unsigned numbers and that each number can be 


from one to five digits long. 


Input/Output Operations 


Set Output Mode (Default State) 


As stated earlier, the plotter responds to output requests according to the SET OUTPUT 
MODE instruction. To further demonstrate this, the SET OUTPUT MODE is returned to 
its default status, then, the output request for the plotter to output its current position 
is sent. 


Procedure Send &) CG) () SET OUTPUT MODE instruc- 


tion, 
Terminator. 
Result The output mode is set to its default condition. This state includes: 


Zero turn-around delay. 


Immediate output response with no trigger character required. 


No echo bypass function or character. 


A Carriage Return output terminator. 
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Output Current Position 


The OUTPUT CURRENT POSITION instruction requests the plotter to transmit its phys- 
ical pen position as an XY point in machine units, (see Figure 8-2) and its pen status. If 
the pen is moving at the time the output request is received, the current position is defined 
as the endpoint of the vector being plotted. Since the OUTPUT CURRENT POSITION 
instruction is a device control instruction and is not stored in the buffer, the current position 
coordinates transmitted are those which exist when the OUTPUT CURRENT POSITION 


instruction is received, regardless of how much unexecuted graphic data remains in the 
plotter’s buffer. 


0.11400 16000, 11400 


PLOTTING AREA 


0,0 16000, 0 


Figure 8-2. Plotting Area In Machine Units 


With the SET OUTPUT MODE in the default state and, with the pen positioned at the 
center of the plotting area, the OUTPUT CURRENT POSITION instruction is sent as 
follows: 


Procedure Send (=) S (™) SET OUTPUT MODE instruction. 
@ G) G) @)G) Sets default values for turn- 


around time, output trigger char- 
acter and output terminator. Sets 
Line Feed as an echo terminate 
character. 


Send () C) (c) OUTPUT CURRENT POSITION 


instruction, 


Input/Output Operations 


Result Plotter transmits current position. If the pen is centered, the transmitted XY 
data is: 
8000, 5700, 0 
Note that the X (8000) and Y (5700) values are unsigned numbers and that each number 


can be from one to five digits long {leading zeroes are suppressed). The pen status is 
indicated by the third parameter: a zero if the pen is up, and a 1 if the pen is down. 


Output Digitized Point 
The OUTPUT DIGITIZED POINT instruction causes the plotter to stop executing graphic 
instructions upon completion of the current instruction, and to transmit the graphic posi- 
tion with the status and number of the pen in use. 
The major differences between this instruction and the OUTPUT CURRENT POSITION 
instruction is: 
1. Waits for operator to operate ENTER switch. 


2. The instruction sends the point in plotter units (see Figure 8-3). 


3. The instruction also sends the number of the pen currently loaded in the pen holder. 


0, 2000 3040, 2000 


PLOTTING AREA 


Figure 8-3. Plotting Area In Plotter Units (Default State) 
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Upon receipt of the OUTPUT DIGITIZED POINT instruction, the front-panet lamp 
is turned ON steady and the plotter suspends execution of graphic instructions after com- 
pletion of the instruction currently being plotted. The plotter will remain in this suspended 
plotting state until either the pushbutton is operated or an ABORT DEVICE CON- 
TROL instruction is received. 


Pushing the pushbutton switch causes the lamp to turn OFF, the digitized point to 
be transmitted, and the plotter to resume executing graphic instructions. The transmission 
is made according to the conditions set-up in the SET OUTPUT MODE instruction. 


Procedure Send ()(.) (0) OUTPUT DIGITIZED POINT 


instruction. 


Result Front panel lamp is turned on steady. 


Procedure Using the front panel controls, position the pen at the approximate center 
of the plotting area. Select pen #4 and push the pushbutton down. 


Result lamp is turned OFF. Plotter transmits digitized data in the following 
format: 


1496, 1064, 0, 4 


The current graphic position is given in plotter units: X=1496 and Y=1064. The 0 signifies 
the pen is in the up position (a 1 here would signify the pen was down) and the last para- 
meter 4 signifies that pen #4 is loaded in the pen arm. 


As stated earlier, after receiving an OUTPUT DIGITIZED POINT instruction the plotter 
goes into a suspended plotting state which can only be changed by pressing the fs" 


pushbutton or, aborting the output request which is discussed in the following paragraph. 


NOTE 
Pressing the pushbutton is ignored if the OUT OF 
LIMIT indicator is on {i.e., cannot digitize a point which 
is beyond the Graphic Limits}. 
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Abort Device Control Instructions 


This instruction can be used to clear an OUTPUT DIGITIZED POINT instruction, or 
other Device Control instructions. Upon receiving this abort instruction, the plotter 
lamp is turned off, the pending output is aborted (not transmitted) and the plotter resumes 
execution of graphic instructions. 


To demonstrate this instruction the plotter is set-up to plot a repetitive circular pattern. 
While executing the circular plot an OUTPUT DIGITIZED POINT instruction is sent fol- 
lowed by an ABORT DEVICE CONTROL instruction. The following may be done without 
a pen being loaded in the pen arm. 


Procedure Send (2) ARC CLOCKWISE instruction. 


(a) (e) Radius parameter (MBA format). 
() () () ()C) Continue arc plotting n_ times. 


While plotter is plotting arcs: 


Send )C.) ©) OUTPUT DIGITIZED POINT 


instruction. 


Result Plotter plots a repetitive arc pattern. Upon receipt of the OUTPUT DIG- 
ITIZED POINT instruction, the plotter completes its current arc and stops 
plotting at the zero degree (3 o'clock) point with the lamp turned on 


steady. 
Procedure Send (es) G) @) ABORT DEVICE CONTROL 
instruction. 
Result The plotter front panel lamp is turned OFF, the pending data point 


output is aborted and the plotter resumes plotting the arc pattern. 
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Output Identification 


Upon receipt of an OUTPUT IDENTIFICATION instruction, the plotter transmits data 
which identifies its mode! number, the date code of the firmware installed and the option 
code of the plug-in ROM, if one is installed. 


To demonstrate this instruction: 


Procedure Send (=) G) (@) OUTPUT IDENTIFICATION 


instruction. 


Resutt Plotter response is dependent on the SET OUTPUT MODE instruction. 


Assuming that the plotter is in default mode, the plotter transmits data in 
the following format: 


7221, 7269, 0 
where: 
7221 identifies the Model Number of the plotter. 


7269 indicates the date of the firmware installed, coded to read month, 
day and year as follows: 


MONTH DAY YEAR 
j 26 9 (1979) 


This parameter can contain 5 digits. 
0 indicates the plotter has no plug-in ROM installed. This parameter can also 


contain up to 5 digits to indicate the option code of any installed plug-in 
ROM. 
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Output Status 


Upon receipt of the OUTPUT STATUS instruction the plotter transmits encoded infor- 
mation defining the status of the plotter at the time this instruction is received, regardless of 
how much unexecuted graphic data remains in the plotters’ buffer. For a detailed descrip- 
tion, refer to the description of the OUTPUT STATUS instruction in Chapter 10. The fol- 
lowing is a typical response after the plotter has been initialized, pen 2 selected and the pen 
moved into the plotting area. 


Procedure Send () (.) (F) OUTPUT STATUS instruction. 


Result The plotter transmits a 16-bit status word as a decimal number such as; 
6356 


Decimal 6356 converted into its binary equivalent yields 
000110001 10 1 0 1 O Owhich decodes as follows: 


LJ | 
Pen is up. 
Pen #2 is in pen arm. 


Pen stalls 1, 3 and 4 are occupied 
pen stall 2 is empty. 


No pause in graphics to service 
front panel. 


Logical pen position is in limits. 


A macroinstruction is not being 
defined. 


A front panel initialize has 
Occurred. 


Data buffer has overflowed or 
been emptied. 


No transmission errors have been 
detected. 


Refer to Appendix C for a description of the OUTPUT STATUS word. 
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Output Buffer Size 


The OUTPUT BUFFER SIZE instruction is a request to the plotter to output the total 
number of bytes available for buffering graphic data. This number can vary from 0 to 1128 
bytes or, with the additional 2K RAM option, from 0 to 3056 bytes. 


NOTE 
The numeric value of the plotters’ response to this instruction may be limit- 
ed to a maximum value, if established by the SET PLOTTER CONFIG- 
URATION instruction. 


After receiving the OUTPUT BUFFER SIZE instruction, the plotter waits until the buffer 
is completely empty, then transmits the available buffer space as a four digit number with 
leading zeroes being suppressed. 


A typical response from a plotter with the standard Read/Write Memory is: 


Procedure Send («) &) () OUTPUT BUFFER SIZE instruc- 


tion. 
Result Plotter transmits 1128. 


This indicates there are 1128 bytes of buffer space available for graphic data. 
As 1128 is also the total buffer capacity with the standard 1K RAM, this 
indicates that no macroinstructions have been stored in RAM. 
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Output Buffer Space 


This instruction requests the plotter to transmit the current number of available bytes 
remaining in the buffer. The plotter response is a four-digit number as shown in the follow- 
ing example: 


NOTE 
The numeric value of the plotters’ response to this instruc- 


tion may be limited to a maximum value, if established by 
the SET PLOTTER CONFIGURATION instruction. 


Procedure Send («) G) OUTPUT BUFFER SPACE 


instruction. 


Result Plotter transmits 1128. 


This indicates that there are 1128 bytes presently available to buffer graphic 
instructions. In this example the total buffer capacity is available (Standard 
RAM), which means there are no pending graphic instructions and there has 
been no allocation of Read/Write memory for macroinstructions. 


Output Error 


Upon receipt of the OUTPUT ERROR instruction, the plotter transmits encoded infor- 
mation representing the error status of the plotter at the time this instruction is received, 
regardless of how much unexecuted graphic data remains in the plotters’ buffer. The error 
information includes: 

a. The most recent error. 


b. The instruction, or macroinstruction in which the error occurred. 


c. The number of errors since the last OUTPUT ERROR instruction was received. 
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For a detailed description, refer to the description of the OUTPUT ERROR instruction in 
Chapter 10. The following example demonstrates the use of this instruction after delib- 
erately mis-keying a MACRO DEFINE instruction sequence. 


Procedure Send (-) (:) Mis-keyed instruction. 


Result Error lamp is turned ON steady. 
Procedure Send (=) SG (e) OUTPUT ERROR _ instruction. 
Result Error light is turned off and plotter transmits: 


2,58, 1 
Referring to Appendix C, this output is decoded as: 
2 = Invalid byte received following the ©) in a graphic instruction. 
58 = The ASCII decimal equivalent of the invalid byte S : 


1 = The number of errors since power on or, since the last OUTPUT ERROR 
instruction is one. 
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Set Handshake Mode 


The SET HANDSHAKE MODE instruction establishes a procedure that must be followed 
to permit blocks of graphic instructions to be transferred from the host computer to the 
input buffer of the plotter. 


One of two SET HANDSHAKE MODE instructions can be selected: 


MODE 1: In this mode, the plotter transmits its handshake data string in accordance 
with the conditions specified in the SET OUTPUT MODE instruction. 


MODE 2: With the exception of the turn-around delay, the Handshake transmission is 
independent of the SET OUTPUT MODE instruction. 


Refer to Chapter 10 for a detailed description of the two SET HANDSHAKE MODE 
instructions. 


An example SET HANDSHAKE MODE 2 instruction is illustrated in Figure 8-4, As another 
demonstration of this mode, the plotter is asked to accept two data blocks. The byte size 
of the first block exceeds the buffer capacity of the plotter, therefore, the plotter will not 
acknowledge that it has buffer capacity to accommodate this block. The byte size of the 
second block can be accepted into the buffer and the plotter acknowledges this fact as 
shown in Figure 8-4. 


First, the SET OUTPUT MODE instruction is sent to specify a two hundred millisecond 
turn-around delay with default values for Output Trigger, Echo Bypass and Terminator, as 
follows: 


Procedure 


Send () ) (™) (2) eS SET OUTPUT MODE instruc- 


tion with parameters. 


Second, the SET HANDSHAKE MODE 2 instruction, with an excessive data block size, 
is sent: 
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DO YOU HAVE BUFFER SPACE FOR 1024 BYTES? 


HOST 
COMPUTER 


| NOW HAVE ROOM FOR 1024 BYTES 


PLOTTER 


UP TO 1024 BYTE DATA BLOCK 


Figure 8-4. Handshake Mode 2 


Procedure Send (se) GC) CG) 


OOOO 
© 


©) 


o 
OOOO® 


© 


SET HANDSHAKE MODE 2 
instruction. 


Excessive data block byte size. 
Delimiter. 
Handshake enable signal, this is 
the decimal value of ASCII char- 
acter ENQ. 
Delimiter. 
Handshake string, this is the 
decimal value of ASCII characters 


GO. 


Instruction terminator, 


The plotter is now asked if it has buffer storage for a data block of the size specified in the 


Handshake Mode instruction. 
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Procedure Send an) (e) Keyboard equivalent of the ASCH 


character ENO. 


Result The plotter checks its buffer space and determines that it does not have 
enough space for this block size hence, it does not transmit the handshake 
data string (GO). 


Next, a block size within the buffer capacity of the plotter is specified in the SET HAND- 
SHAKE MODE 2 instruction. 


Procedure Send &)(.)G) ABORT DEVICE CONTROL 


instruction (aborts previous hand- 
shake request). 


& OG) SET HANDSHAKE MODE 2 


instruction, 


G) (2) () Data block byte size. 
ce) Delimiter. 
(s) Handshake enable; ASCII char- 


acter ENQ. 


G) Delimiter. 
@) () G)@) (2) Handshake string; ASCII char- 


acters GO. 


G) Terminator. 


Next, as shown in Figure 8-4, the plotter is asked to check its buffer space and transmit the 
handshake string when the buffer can accommodate a data block. Note that the plotter re- 
sponse is delayed two hundred milliseconds as specified in the Set Output Mode instruction. 


Procedure Send Gn) (e) Keyboard equivalent of the ASCII 


character ENQ. 


Result Plotter transmits GO indicating buffer has space for a data block of 1024 
bytes. The handshake procedure has been completed and the Host Computer 
can now send a data block. 
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Set Extended Output and Handshake Mode 


The SET EXTENDED OUTPUT AND HANDSHAKE MODE instruction establishes a pro- 
cedure in conjunction with the Set Output Mode and Set Handshake Mode 1 or Mode 2 that 
can be followed to permit blocks of graphic instructions to be transferred from the host 
computer to the input buffer of the plotter. This instruction can also be used to inject a 0 
to 10 second (approximate) delay prior to each character that is ouput from the plotter. 


Refer to Chapter 10 for a detailed description of the SET EXTENDED OUTPUT AND 
HANDSHAKE MODE instruction. 


An example SET EXTENDED OUTPUT AND HANDSHAKE MODE instruction is iHustrated 
in Figure 8-5. Asademonstration of this instruction the plotter is asked to accept a specified 


size data block. After a specified turn-around delay and a specified output character delay, 
the plotter acknowledges as shown in Figure 8-5. 


First, the Set Output Mode instruction is sent to specify a two hundred millisecond turn- 


| 
sround dala with default values for output trigger, echo bypass and terminator, as follows: 


Procedure Send é)C) () (2) G) Set OUTPUT MODE in- 


struction with parameters. 


DO YOU HAVE BUFFER SPACE FOR 80 BYTES 


ENQ” 
{HANDSHAKE ENABLE) 


l'M CHECKING BUFFER SPACE: PLEASE WAIT 


DELAYED “DC3" 
(IMMEDIATE CHARACTER) 


HOST PLOTTER 
COMPUTER 
| NOW HAVE ROOM FOR 80 BYTES 


DELAYED “G" DELAYED “0” 
(HANDSHAKE STRING) 


SENDS UP TO 80 BYTE DATA BLOCK 


Figure 8-5. Set Extended Output and Handshake Mode 
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Second, the Set Handshake Mode 2 instruction is sent to specify data block size, handshake 
enable, and handshake string characters. 


ce Si }(.) (1) SET HOHE OE 


instruction. 


Data block byte size, 


G) Delimiter. 
(s) Handshake enable; ASCI! char- 


acter ENQ. 


S Delimiter. 
(7) OO@E) Handshake string; ASCII char- 


acter GO. 
G) Terminator. 


Next, the SET EXTENDED OUTPUT AND HANDSHAKE MODE instruction is sent to 
specify a 50 milliseconds delay prior to each plotter output character and also the Imme- 
diate Response String. 


Procedure Send (e) @) (") SET EXTENDED OUTPUT 


AND HANDSHAKE MODE 
instruction. 


(s) Plotter output character delay. 


(3) Delimiter. Ex 


(a) (2) Immediate response string; 


ASCII! character DC3. 


CG) Terminator. 
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Then, as shown in Figure 8-5, the plotter is asked to check its buffer space and transmit the im- 
mediate response string, followed by the handshake string when the buffer can accommodate 
a data block. Note that the immediate response character output is delayed a total of 250 
milliseconds, 200 milliseconds as specified in the Set Output Mode instruction and 50 
milliseconds as specified by the SET EXTENDED OUTPUT AND HANDSHAKE MODE 
instruction. Also note that each subsequent output character is delayed 50 milliseconds 
as specified by the SET EXTENDED OUTPUT AND HANDSHAKE MODE instruction. 


Procedure Send evr) (e) Keyboard equivalent of the 


ASCII character ENQ. 


Result Plotter transmits DC3 indicating ‘wait’ followed by GO indicating buffer has 
space for a data block of 80 bytes. The handshake procedure has been com- 
pleted and the host computer can now send a data block. 


NOTE 
The delay injected prior to the output of each character can 
be used to compensate for those computers that can receive 
data bits at the selected baud rate, but cannot process a con- 
tinuous stream of characters at that baud rate, due to limited 
buffering in the |/O port. 
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Set Plotter Configuration 
General 


The SET PLOTTER CONFIGURATION instruction is used to establish five different con- 
figuration options. These configuration options are determined by two parameters. The 
first parameter specifies a maximum available buffer size. The second parameter specifies 
four binary bits as desired to establish Hardwired Handshake, Enable Data Transmission, 
Data Indicator and Monitor Mode options. 


The initialized state of the second parameter is set only at plotter power-on, and the state 
of bit 0 and bit 1 is determined by the position of the MODEM/HARDWIRE switch. If the 
MODEM switch position is selected, all four bits will be initialized to ‘‘O’’. If the HARD- 
WIRE switch position is selected, bits 0 and 7 will be set to “1” and bits 2 and 3 will be set 
to ‘0’. Subsequent states for these four bits can only be changed programmatically. 
Refer to Chapter 10 for a detailed description of the SET PLOTTER CONFIGURATION 
instruction. 


Set Buffer Size 


This parameter is used to set the apparent maximum buffer size of the plotter. For 
example, this parameter can be used in conjunction with the Monitor Mode option to help 
ensure that graphic data does not overflow buffer space when plotters are connected in 
series. The actual buffer size and available space are unchanged, but the plotters’ response 
to an output request for buffer size or buffer space is restricted to a value equal to or less 
than the value specified by this parameter. This parameter does not effect “block size” as 
established by the Set Handshake Mode 1 or Set Handshake Mode 2 instructions. 


Hardwired Handshake (Bit 0) 


In a hardwired environment, where the RS-232-C Data Terminal Ready (CD) contro} line is 
not normally used for protocol purposes, bit O of the SET PLOTTER CONFIGURATION 
instruction can be used in lieu of the (sc) G) G) , and 


instructions to establish a ‘Buffer Available Flag’. Handshaking is accomplished 
when the hast computer monitors the “high” or “low” state of control line (CD). While 
this configuration option is active, the plotter sets control line (CD) “high” when the 
existing buffer space is > = the current data block size. 
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Input/Output Operations 


The default block size for this configuration option is 80 bytes, as established by the (esc) 


GC) (n) or (Esc) @) instructions (refer to Chapter 10 for detaiis). The Hard- 
wired Handshake option is normally used in conjunction with the Enable Data Transmission 
option described in the following paragraph. 


Enable Data Transmission (Bit 1) 


This configuration option will normally be used in a hardwired environment (no modems) 
to enable data transmission on the Transmitted Data (BA) and Received Data (BB) tines 
independently of conditions normally required by control line protocol. This configuration 
allows the plotter to be operated in a 3-wire hook-up in which the only lines present are 
Transmitted Data (BA), Received Data (BB), and ground. Refer to Figure 11-4 for the flow 
diagram of plotter modes control line protocol. 


Data Indicator (Bit 2) 


When this configuration option is active (bit 2 set to 1) the lamp will flash if data has 
been sent to the plotter within the last one quarter second. This indication makes it easier 
to tell if data is being sent to the plotter and is available only when the plotter is program- 
med ‘‘on” in the On Line or Local modes. 


Monitor Mode (Bit 3) 


The Monitor Mode is available only when the plotter is programmed “on” in the On Line 
mode, and when active, allows all data that is received or transmitted by the plotter to 
be displayed on the terminal, This configuration option is primarily intended to be used as 
a “debugging” aid for program development. Since operating environments vary, data are 
transmitted to the terminal in different ways as follows: (1) all data which are sent to the 
MODEM connector from the computer are also seen at the TERMINAL connector; (2) all 
plotter output responses are sent to both the computer and terminal if the DUPLEX 
switches on the plotter and terminal are set to HALF; and (3) when the computer is work- 
ing in an echo-plex environment and the DUPLEX switches on the plotter and terminal 
are set to FULL, all plotter output responses are echoed from the computer, through 
the plotter, to the terminal. “‘Echo-plex environment” is one in which data received by the 
computers’ communication line !/O port is “echoed” back to the sending device. All data 
that the terminal sends to the plotter, except “break” are ignored while the Monitor Mode is 
active. 
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With the DUPLEX switches set to FULL, and Monitor Mode active, it is possible to connect 
several plotters in series so that all of them execute the same graphics data. In this config- 
uration, the output responses of the first plotter in line are the ones which are returned to 
the computer. All the other plotters receive the output requests, but their responses are 
ignored in each case by the next higher plotter in line. Therefore, the output responses of 
the first plotter must be true for all the other plotters. For example, to help ensure that 
graphics data does not overflow the plotters’ buffers in the series-connected configuration, 
the first parameter of the SET PLOTTER CONFIGURATION instruction can be used to set 
the apparent maximum buffer size of the plotters to a smaller value. 


To demonstrate the SET PLOTTER CONFIGURATION instruction, the plotter is set-up 
to plot a circular ‘‘clover leaf’’ pattern and to ‘‘output buffer size’’ (1128 bytes) indicating 
that all data has been plotted. This illustration assumes that the plotter is connected to a 
computer and a terminal. {!n addition, the DUPLEX switches must be set and the program 
must be sent from the computer. 


Procedure Initialize plotter and move pen arm to center of platen. 


Send (c) ts) C) PLOTTER ON instruction. 
(se) CG.) SET PLOTTER CONFIGURA- 


TION instruction. 


G) Delimiter. 
G@ (s) This is the decimal value equiv- 


alent of binary number 1111 
which sets all bit options of the 


second parameter to 1". 
G Terminator. 
(w) ROTATE instruction. 
(t) ARC CLOCKWISE instruction. 


(@) (e) Radius parameter, 256 plotter 
units (MBN format). 

(w) (@) ROTATE 90° (MBA format). 

G) ARC CLOCKWISE using last 
radius parameter. 


(w) (@) ROTATE 90°. 
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Result 


ARC CLOCKWISE — using 
radius parameter. 
ROTATE 90°. 


ARC CLOCKWISE using 
radius parameter. 
ROTATE 90°. 


ARC CLOCKWISE using 
radius parameter. 
Terminator. 


OUTPUT BUFFER SIZE 
instruction. 


last 


last 


last 


During the time the ‘‘clover leaf’ pattern is being plotted, observe that the 


ST8Y 


terminal. 


® | lamp is flashing and that all input and output data are displayed on the 
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Output Extended Status 


NOTE 
This instruction pertains to the 7221S plotter and if sent to the 
7221B plotter the response will indicate the paper advance option 
is “off” and roll paper is not loaded, i.e., the response is “2° 
(binary 10). 


Upon receipt of the OUTPUT EXTENDED STATUS instruction the plotter transmits 
encoded information as a decimal number to define the status of the paper advance option 
at the time this instruction is received. Refer to Chapter 10 for a detailed description of the 
instruction. The following is the response after roll paper is loaded and the paper is advanced 
a full page. 


Procedure Send CG) (+) ADVANCE FULL PAGE instruc- 


tion. 
sc) e (0) OUTPUT EXTENDED STATUS 

instruction. 

Result The plotter transmits a 2-bit status word as a one-character decimal number 

indicating the following: 
DECIMAL BINARY 
NUMBER EQUIVALENT DECODED STATUS 
1 0 1 


Paper advance option is “on’’. 
Roll paper is sensed after paper is 


advanced one full page. 
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The following is the response if roll paper is loaded, an advance is completed, and the pen 
has then been lowered to the paper either programmatically or by front panel control. 


Procedure Send (~) G) ADVANCE FULL PAGE 


instruction. 


(e) () (4) (0) Ca) MOVE instruction to X,¥ = 1000, 


1000 plotter units. 


(a) DRAW instruction lowers pen. 
(ésc) C) (0) OUTPUT EXTENDED STATUS 


instruction. 

Resuit Roll paper is advanced one full page, the pen moves to the specified coordinates 
and lowers, putting a mark on the paper. The transmitted status word is as 
follows: 

DECIMAL BINARY 

NUMBER EQUIVALENT DECODED STATUS 

i] 1 


1 
U_____________ paper advance option is “on”. 


Paper is “dirty”. 


The following is the response if an out-of-paper condition is sensed before or at the comple- 
tion of an advance operation. 


Procedure Remove roll paper from plotter. 


Send QO ADVANCE HALF PAGE 


instruction. 


(se) eS (0) OUTPUT EXTENDED STATUS 
instruction. 
Result The transmitted status word is as follows: 
DECIMAL BINARY 
NUMBER EQUIVALENT DECODED STATUS 
2 1 (0) 


UL Paper advance option is “off”. 
(There is no roll paper loaded.) 
Advance operation resulted 
in sensing an out-of-paper 
condition. 
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Parameter Encoding 


Introduction 


‘This chapter describes how the various types of numeric plotter parameters are formatted 
and encoded into binary character codes. The binary format philosophy is explained, 
and the parameter formats and bit-assignments are diagrammed. Flow charts and examples 
of the encoding processes are included for each type of numeric parameter. The following 
discussions are presented in this chapter. 


Parameter Types 

Parameter Length 

The Binary Format Philosophy 

The Single-Byte Number (SBN) 

The Multiple-Byte Number (MBN) 

The Multiple-Byte Pair of Numbers (MBP) 
The Pair of Multiple-Byte Numbers (PMB) 
The Multiple-Byte Angle (MBA) 
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Parameter Types 
There are five types of numeric parameters: 


Single-Byte Number (SBN format) 
Muitip!e-Byte Number (MBN format) 
Multiple-Byte Pair of Numbers (MBP format) 
Pair of Multipte-Byte Numbers (PMB format) 
Multiple-Byte Angle (MBA format) 


NOTE 
Appendix B, ‘‘Binary Coding Table’’, presents the structures, 
value ranges and lengths associated with each of the five types. 


The basic format of each type is designed to efficiently represent a specific class of numeric 
data. The type of parameter used to express a numeric value is a specified property of the 
graphic instruction which it accompanies. Therefore a parameter must be encoded in the 
basic format required by the associated graphic instruction (refer to Chapter 10 for these 
specified relationships). 


Parameter Length 
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The Single-Byte Number (SBN) is always one byte in length. The other four types can be 


of variable length, up to a specified number of bytes. 


The minimum number of bytes 


required to express a particular value depends on the magnitude or resolution of the values, 
and the class of data to which the value belongs. The user may maximize coding efficiency 
by constructing the parameter with only the minimum number of bytes required to faith- 


fully represent the current data value or values. 


The Binary Format Philosophy 


The binary format implemented for the HP Model 7221B and 7221S Plotter permits minimal 
1/O traffic volume and optimal use of available data buffer capacity. The encoding scheme 
includes a system of identifying the general function and meaning of each byte of informa- 


tion transmitted to the plotter. Classification is keyed on the values of bits 5 and 6 (i.e., 
2° and 2°), and in some cases bit 4 (27), of each byte of encoded information, as follows: 


PMB Parameters (Y Component) 


SBN Parameters 


32 —95 


DECIMAL BIT BIT BIT 
CLASS OF INFORMATION BYTE VALUE 6 5 4 
Control Codes 00 — 31 6) ¢) 
Graphic Instruction Codes 112 — 126 1 1 1 
MBA, MBN, MBP Parameters (First Byte) 96 —111 1 1 (0) 
0) 1 
MBA, MBN, MBP Parameters (Succeeding Bytes) 32 —95 | 1 0 
PMB Parameters (X Component) 64 —95 1 0 
1 
1 
) 


32 — 63 0 
ie 
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Control Bits 


In order that parameter bytes conform to the foregoing binary format, certain of their 
bits are reserved as control bits. In some cases the control bits have fixed binary values. 
The parameter format diagram in this chapter refer to these bits as ‘‘flag’’ bits and show 


their binary values in the following manner: 


pP=[1 1 0[ ns m m Mo or P=[1 O[ Xa Xa X2 Xi Xo 
— —— 
flag flag 
bits bits 


In other cases, the byte value must be in the range of 32 — 95, but bit 5 (2°) has numeric 
significance to the data value expressed by the parameter. In that event the control bit is 
bit 6 (2°) and must be encoded as the binary complement of the value of bit 5. The param- 
eter format diagrams refer to this bit as the “complement” bit and represents its value with 


tigre 


c’’, as follows: 


P=J/c] ns ng ng ng ny, nol 


the letter 


encnianene =! 
bit 
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The Single-Byte Number (SBN) 


This parameter expresses positive integers in the range of 0 to 63, and is always one byte 
in length. Example: Pen Velocity, in cm/sec. 


Formats and Bit-Assignment 


Range of N: Oto 63 


N= [ng Ng Ng Ag Ay No 


P= [e Ns Mg Nzg Ny Ny No 


Encoding Process 


In the following process, the data value N is encoded to a parameter byte in SBN format. 
“NP refers to the decimal equivalent value of the encoded parameter byte, and NN the 
decimal value of N. 


PROCESS FLOW EXPLANATION EXAMPLE 


START. (Assume NN = 30) 


N=|]0 011110 
Assemble bits ng - ns into the | NP = 30 
NP=NN t . ge 
ae byte at bit positions ace (Goa aD 


Is ns = 1 (NP = 32 or greater)? 


v8 NP>31? 


No 
NP- NP + Ga 


If ns = O(NP < 32), set the | NP=30+64=94 
complement control bit, c = 1, =: 

in the parameter byte (by i 20 2a ee 
adding 64 to the decimal value 
of the byte). 
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The Multiple-Byte Number (MBN) 


This parameter expresses positive integers in the range of 0 to 32767. It may be from one 
to three bytes in length, depending on the magnitude of the current data value. Example: 
Length of an arc radius, in plotter units. 


Formats and Bit-Assignments 


One-Byte Format 
Range of N: 0 to 15 


Pi=[1 1 O[ ms m2 m nol 
——— 
flag bits 
Two-Byte Format 
Range of N: 9 to 1023 


N= [n, Ng Ne ie its Ng ng Ny Ny no | 


gah 


P1l= [1 1 o| Ng Ng Nz ne | 


———— 
flag bits 


P2= [e] Ns 4 M3 Ny ny no | 


Three-Byte Format 
Range of N: 0 to 32767 


=< 
N= | Mi4 Mya M2] Mii Myo No Ng Ny Ne [ns Ng M3 M2 Ay No 


(NN1) 


must be 0 
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Parameter Length 


The optimum length of an MBN parameter can be determined by a simple process which 
evaluates the range of the current value of N and branches to the appropriate encoding 
process (NN = decimal value of N). 


START 
<i e BENS 15 (ONE-BYTE FORMAT) 


NO 


ae - weanss (2) (Two-BYTE FORMAT) 


Tuo 


(THREE-BYTE FORMAT) 


{DUT OF RANGE) 


ERROR 


MBN Encoding Processes 


One-Byte Format 


PROCESS FLOW EXPLANATION EXAMPLE 


© Assume NN = 13 
Assemble bits ng - n3 into the NP1 = 13 + 96 = 109 
one byte of the MBN param- 
101 


eter, at bit positions O - 3. Pl= {1101 
Set “flag” bits (at positions 
4-6) = "110", by adding 96 
to value of byte P1. 
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Two-Byte Format 


PROCESS FLOW EXPLANATION EXAMPLE 
G) None Given 
Calculate NN1, the decimal 
ee integer value of bits ng - ng. 
- This value will be assembled 
into byte P1. 
Calculate NN2, the decimal 
integer value of the remainder 
ba of the bits of N (bits no - ns). 
ee This value will be assembled 
into byte P2. 
(2) Proceed to assembly subrou- 
tine. 
Three-Byte Format 
PROCESS FLOW EXPLANATION EXAMPLE 


NN1= NN/40S6 


NR=NN 
~4096 NNT 


NN2 = NA/GO 


Calculate NN1, the decimal 
integer value of bits n,2 
Ni4, to be assembled into 
parameter byte P1. 


Calculate NR, the decimal 
value of the remainder of the 
bits (ng -n,,) of N. 


Calculate NN2, the decimat 
integer value of bits n, - n,,, 
to be assembled into param- 
eter byte P2. 


Calculate NN3, the decimal 
value of bits no - ns, to be 
assembled into parameter byte 
P3. 


Proceed to assembly subrou- 
tine. 


Assume NN = 7041 


NN1 = 7041/4096 = 1 


NR = 7041 - 4096 = 2945 


NN2 = 2945/64 = 46 


NN3 = 2945 - 64 * 46 
= 2945 - 2944 = 1 


sss 


Assembly (Two-and Three-Byte) 
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The previously-calculated portions of the data bits of N are assembled into the MBN param- 


eter bytes, and the contro 


bits are set. 


PROCESS FLOW 


NPS =NNG 


NO 


NPS = NP3 +66 


eS 
NO 
NP2 = NP2 + 64 


EXPLANATION 


(From three-byte calculations) 


Assemble the value of bits ng - 
n; into P3, the third MBN 
byte, at bits 0 - 5. 


If bit 5 of the byte =0, 
set the complement con- 
trol bit by adding 64 to 
the value of the param- 
eter byte. 


{Entry from two-byte cal- 
culations) 


Assemble the pre-calculated 
value NN2 into parameter 
byte P2, at bits 0 - 5. 


Set complement control 
bit conditionally, as for 
PS 


Assemble the pre-calculated 


value NN1 into parameter 
byte P1 at bits 0-3. Set the 
flag control bits = ‘110’ by 


adding 96 to the value of the 
byte, 


EXAMPLE 
(NN = 7041, cont’d) 


NP3 = 1 


0000001 


P3 = 


NP3 = 1+ 64=65 


P3= {10000041 


NP2 = 46 (no change) 


NP1=1+96=97 


Pi= 11100001 


Assembled Parameter 
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The Multiple-Byte Pair of Numbers (MBP) 


This parameter expresses a pair of positive integers, each in the range O to 16383. {tt may 
be from one to five bytes in length, depending on the magnitude of the larger of the two 
current data values. Example: Absolute X, Y co-ordinates, in plotter units. 


Formats and Bit-Assignments 


One-Byte Format 


Range of Xor Y: 0-3. X= [X, Xo Y= l¥1 Yo 
P1= {1 1 OF x, Xo} ¥i Yo 
———— 
flag bits 


Two-Byte Format 


Range of Xor Y: 0-31. X= Y= |¥a Ys Y¥2 Yi Yo 


—— 
flag bits 


(NY) 
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Three-Byte Format 


Range of X or Y: 0-255. X= [x Xe Xs X4 X35 XX, Xo 


flag bits 


[v2 Yo | Ys Ya Ya Y2 Vi vo] 


P3= |c] ¥s Ya Ys Y2 Yi Yo 


Four-Byte Format 


Range of Xor Y: 0- 2047. X= [x10 Xy Xe xz | X Me Mac KE My x1 | xo | 


ee 
(NX2) 


Xg  Xq 


P1l= 71 10] Xi0 Xo 


—— 
flag bits 


Y= |¥io Yo Ye Yr Yo | Ys Ya Ya Y2 Yi Yo 


(NY3) 


(NY4) 
Pa 


P4= |e | ¥s Ya Y3 Yo Vi Yo 
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Five-Byte Format 


Range of X or Y: 0 - 16383. 


x= [xis X12 X11 x10 | Xg Xg Xz Xe Xs xa | X30 X. OX Xo | 


wvxn} 


PIl= [1 1 mE Xi2 X11 x10 | 


——— 
flag bits 


P2= [c | x. Xg X7 Xe Xs | 


Y= ;¥is Via [yn Yio Yo Ys ¥7 Ye | ¥s Ya Y3 Yo Yq vo | 
| 


(NY3) 


P4 = Yi1 Yio Yo Ve Yr Yo 


PS = le | vs Ya Y¥3 Y2 Yi Yo 


MBP Parameter Len 


gth 
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The optimum length of an MBP parameter can be determined by evaluating the range of the 
larger of the current pair of data values NX, NY. The following evaluation process assumes 
that, with default graph limits and grid size, NX and NY most often represent plotting 
co-ordinates in the range of 256 to 2047 plotter units. The flow branches to the appropriate 


encoding subroutines. 


(YES) 


(NO} 


(YES) N << 256 


SET N EQUAL TO THE LARGER OF THE 
VALUES NX, NY 


DETERMINE THE RANGE OF N, 
AND LENGTH OF MBP PARAMETER 


(YES) 


256 SN 2047 


({FOUR-BYTE FORMAT) 


(FIVE-BYTE FORMAT) 


{N OUT-OF-RANGE) 


(YES)__32¢N S255 (THREE-BYTE FORMAT) 


45N531 (TWO-BYTE FORMAT) 


CG) (ONE-BYTE FORMATE 
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MBP Encoding Processes 


One-Byte Format 


FLOW PROCESS 


NPI=NY +96 
x 


+4*N 


EXPLANATION 


(From length-evaluation) 


Assemble the bits of X and Y 
into the parameter byte: Yo - 
Y, into bits O-1, Xo -X, 
into bits 2 - 3. Set the flag 
bits = 110’ by adding 96. 


EXAMPLE 
(Assume NX, NY = 3, 1) 
(X= Y= ) 


NP1=1+96+4*3 = 109 


Two-Byte Format 


FLOW PROCESS 


© 


NX1- NX/2 


NX2=NX 
-2* NXT 


NPL NX1 +96 


NP2= NP2+ 64 


EXPLANATION 


(From length-evaluation) 


Calculate NX1, the decimal 
integer value of bits X, - 
Xq, to be assembled into 
parameter byte P1. 


Calculate the decimal value 
of Xo, to be assembled into 
byte P2. 


Assemble the value of X, - 
X,4 into byte P1 at bits O - 
3. Set the flag bits = ‘7110’ 
by adding 96. 


Assemble the value of X, into 
P2 at bit 5, and the value of 
Yo - Yq into P2 at bits 0 - 4. 


If bit 5 of P2 =0, set the 
complement contro! bit 
c = 1 by adding 64 to 
the value of P2. 


EXAMPLE 


{Assume NX, NY = 27,3) 


NX1 = 27/2 = 13 
NX2=27-2* 13 =1 


NP1 = 13 + 96 = 109 
Pi= {110110 1 
NP2 = 3 +32 = 35 


P2= 10 100011 


NP2 = 35 (no change) 


Assembled Parameter 
Pl=|1 1011041 


P2=]0 100011 


Three-Byte Format 
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FLOW PROCESS 


a 


NXI-NX/16 


NY2=NY/64 


NY3-NY 
“fa *NYZ 


NP1= NX1+96 


np = np2 [+6¢, 
NP3 = NPS ike 64 


ee | 


EXIT 


EXPLANATION | 


(From length evaluation} 


Calculate decimal-integer value 
of bits X, - X,, to be assem- 
bled into parameter byte P1 
at bits 0 - 3. 


Calculate decimal value of the 
remainder of the bits of X 
{Xo - X3), to be assembled 
into byte P2. 


Calculate decimal integer value 
of bits Y, - Y;, to be assem- 
bled into parameter byte P2. 


Calculate decimal value of the 
remainder of the bits of Y 
(Yo - Ys} to be assembled 
into byte P3. 


Assemble pre-calculated value 
of bits X, - X, into P1 at bits 
0 -3. Set flag bits = “110” by 
adding 96. 


Assemble pre-calculated values 
of Xo - X3 into P2 at bits 2 - 
5, and Y, - Y7 into P2 at bits 
0-1, 


Assemble pre-calculated value 
of Yo - Ys into P3 at bits 
0-5. 


Conditionally, set complement 
control bits of P2 and P3, by 
adding 64. 


EXAMPLE 


(Assume NX, NY = 115, 225) 


NX1 = 115/16 =7 


NX2= 115-112=3 


NY2 = 225/64 =3 


NY3 = 225 - 192 = 33 


NP1 =7 + 96 = 103 


Pl= ]1 100111 


NP2=3+12=15 


P2= j0 001111 
NP3 = 33 

P3= ]0 100001 
NP2=15+ 64=79 


NP3 = 33 (no change) 
Assembled Parameter 
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NOTE 


The Four-Byte and Five-Byte formats are encoded along the 
same algorithmic lines as the two- and three-byte formats. 
The flow diagrams are included below, but the detailed 
explanations and examples are omitted, to avoid redundancy. 


Four-Byte Format 


ARAMETER ASSEMBLY 


©) (FROM LENGTH EVALUATION) 


NX1 = NX/128 NPY =96+NX1 
ASSEMBLE THE 
UXRE NK NP2= NX2 PRE CALCULATED 
PIPE LIKI [eal VALUE PORTIONS 
| ee OF X,Y INTO 
BYTES Pt — Pa 
——— SET FLAG BITS 
cna = "110", ANG SET, 
ace +a AS APPROPRIATE 
CALCULATE THE VALUES 64) 
L——_——_!_ | oF THE appropaiate 
PORTIONS OF X, ¥ TO BE 
ASSEMGLED IN 
PARAMETER BYTES 
Pt - Pa 
NX3=.NXA NPS = NYE 
=2° NK2 6 
ees 
NY3 = NY/64 
| es | 
es 
NY4= NY 
= 64" NYS 


Five-Byte Format 


{FROM LENGTH EVALUATION) 


NX1 = NX/1024 


NXR =NX 
~ 1024" NX1 


NX2 = NXA/1B 


NX3=NXR 
= 16 NX2 


NY3 ~ NY/4095 


NYR=NY 
- 4096 * NY3 


NY4 - NYA/64 


i 


NY5=NYA 
- 64° NY4 


CALCULATE THE VALUES 
OF THE APPROPRIATE 
PORTIONS OF X, Y, TO 

BE ASSEMBLED INTO 
PARAMETER BYTES PI — PS 
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PARAMETER ASSEMBLY 


NPI =96+NX1 
NP2-NX2 
[64] 
—__} ASSEMBLE THE 


PRE-CALCULATEO 
VALUE PORTIONS, 
OF X,Y, INTO BYTES. 
P1— PS 


SET FLAG BITS 

= "110" ANG SET 
COMPLEMENT &ITS. 
AS APPROPRIATE 
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The Pair of Multiple-Byte Numbers (PMB) 


This paramcter expresses a pair of integers, each of which may range from -16384 to 


+16383. There are two separate components of the parameter. Each component may be 
from one to three bytes in length, depending on the magnitude of the corresponding current 


data value. Example: Incremental X, Y co-ordinates, in plotter units. 


Formats and Bit-Assignments 
One-Byte Format (X-Component) 


Range of X: -16 to +15, 


“sign’”’ bit 


PX1 = fi 0 | x X, XX xo| Negative values are 


—— 


expressed as two's 
complement, and “sign” bit = 1. 

flag 

bits 


Two-Byte Format (X-Component) 


Range of X: -512 to +511. 


‘ 2 (NX1) 
“sign’’ bit 
’ (NX2) 
flag 
bits 
PX2 = Xa X3 X2 Xi Xo 
flag 
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Three-Byte Format (X-Component} 


Range of X: -16384 to +16383. 


X= [ X14 Xy3° X12 Mia x10 [ % Xg Xq Xe Xs | Xa Xz X2 AX xo | 


(NX1) 


“sign” bit 
’ 
PX1= [1 EZ X13 X12 X11 Ka] 


—— 


(NX2) 


flag 
bits 


PX2 = {1 Xo Xg X7 Xs xs | 


flag 
bits 


PX3 = [1 0 | x, X3 XX xo | 


—_—— 


Negative values are expressed as two’s 


complement, and “sign” bit = 1. 


flag 

bits 
The Y-component PMB parameters have the same formats, except that the flag bits = "01"; 
for example, the two-byte format is: 


“sign” bit 


t 


pyi= [0 1] yo Ys Yr Yo vs | 


flag 
bits 


—— 


flag 
bits 


PMB Parameter Length 


Although a PMB parameter must contain both an X-component and a Y-component, the 
lengths of each may be computed and encoded separately. For example, the X-component 
may be three bytes in length, and the Y-component only one byte in length. The optimum 
lengths of both are computed by identical methods. The following flow process determines 
the optimum length of a PMB-X parameter and branches to the appropriate encoding sub- 
routine. 
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ISSNXSM (1W0-BYTES, POSITIVE) 


YES 512< 


pa EL (ONE-BYTE, NEGATIVE} 


ieee (TWO-BYTES, NEGATIVE) 


oak ee (THREE-BYTES, NEGATIVE) 


{OUT-OF-RANGE) 


PMB Encoding Processes 


One-Byte Format (X-Component) 


Parameter Encoding 


FLOW PROCESS 


a 


NX = NX +32 


NP1= NX + 64 


EXIT 


EXPLANATION 


(From length calculations) 


Calculate decimal equivalent 
of the “Two's Complement” 
of NX. 


(From length calculation) 


Assemble bits Xo - X4 into the 
parameter byte PX1. Set flag 
bits = "10" by adding 64. 


EXAMPLE 


(Assume NX = -12) 


NX = -12 + 32 = 20 


NP1 = 20 + 64 = 84 


Px1=|1010100 


Two-Byte Format (X-Component) 


FLOW PROCESS 


@) 


NX= 


NX+ 1024 


NX1 = NX/32 


NPI = NX1+64 
NP2 = NX2 + 64 


EXPLANATION 


; Calculate decima! equivalent 


of two’s complement of NX. 


| Calculate decimal integer value 


of bits X; - X9, to be assem- 
bled into parameter byte PX1. 


Calculate decimal value of bits 
Xo - Xq4, to be assembled into 
parameter byte PX2. 


Assemble the pre-calculated 
value portions of X_ into 
parameter bytes PX1, PX2. 
Set flag bits = ‘10’ by adding 
64 to each byte. 


EXAMPLE 
(Assume NX = -385) 


NX = -385 + 1024 = 639. 


NX1 = 639/32 = 19 


NX2 = 639 - 608 = 31 


NP1 = 19+ 64=83 
NP2 = 31+ 64=95 
Assembled parameter: 


PxX1= {1 01001 1} 


Computer 
ng Museum 
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Three-Byte Format (X-Component) 


FLOW PROCESS 


© 


NX = NX + 16384 
NX = NX + 16384 


NXT =NX/1024 


NXR = NX - 1024 *NX1 


| NX2-NXR/32 


| NX3=NXR -92* NX2 


NP1-NX1+ 64 


NP2 = NX2+ 64 


NP3 = NX3 + 64 


r 


EXPLANATION 


Calculate decimal equivalent 
of the “2’s complement” of 
NX, by adding 32768. 
(Shown in two steps, to 
avoid a number greater than 
32767.) 


Calculate decimal integer value 
of bits X,;>9 - X,4, to be 
assembled into byte PX1. 


Calculate decimal value of bits 
Xo - Xo. 


Calculate decimal integer value 
of bits X; - Xg, to be assem- 
bled into byte PX2. 


Calculate decimal value of bits 
Xo - Xq4, to be assembled into 
Parameter byte PX3. 


Assemble~ the pre-calculated 
value portions of X into the 
three parameter bytes. Set 
flag bits = “10” by adding 
64 to each byte. 


EXAMPLE 


(Assume NX = -16384) 


NX = -16384 + 32768 
= 16384 


NX1 = 16384/1024 = 16 


NXR = 16384 - 16384 =0 


NX2=0 


NX3=0 


NP1 = 16+ 64 =80 


NP2=0+64=64 
NP3 = 0+ 64 = 64 


Assembled Parameter 


Encoding Y-Components is identical except that the flag bits of each byte are set to 01” 


by adding 32 instead of 64. 
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The Multiple-Byte Angle (MBA) 


This parameter expresses the size of an angle ranging from 0.0 to 359.995 degrees. The 
parameter may be from one to three bytes in length, depending on the magnitude and 
resolution of the value of the angle. Maximum resolution is 0.005 degrees. All angle 
values are considered positive, measured counterclockwise with respect to the ’’3 o’clock” 
position. 


Format and Bit Assignments 


Bit Significance (Degrees) 


ais 4) 2 


aia 13 2 
180.0] 90.0 45.0 , 22.5 
oad (NA1) 
P1= [1 1 o[ as | a4 a3 aa | {Resolution = 22.5 degrees) 


ne ee! 
flag bits 


Ait 4io a9 ag az ae 


[11.25 | 5.63 , 281 | 1.41 .703 | 352 | 


en 


P2= | c | a1, 19 a ag aq ae {Resolution = 0.352 degrees) 


as ay a3 a2 a; ay 
176, 088 , 044, .022 011 .005 
(NA3) 


P3 = as a; 43 a2 a ay (Resolution = 0.005 degrees) 
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MBA Encoding Process 


In the following process, the specified value of angle ‘A’ is assumed to be Jess than 360 


degrees. 


The modulo 180 value of the angle (in floating-point degrees) is calculated and 


transformed to a positive integer in the range of 0 to 32767. The integer’s binary bits 
ap - a;4 have the significance indicated in the foregoing format diagram. The integer is 
then assembled into the parameter by an algorithm similar to that used for the three- 
byte format of the Multiple-Byte Number (MBN), except that only the minimum number of 
bytes required to faithfully represent the angle are encoded. Bit a,; is encoded separately 
if A < 180 degrees, in order to avoid creating an integer greater than 32767. 


PROCESS FLOW 


NPI=B 


NA = (A/90) * 16384 


EXPLANATION 


If ange A > 180.0 
degrees, set bit a,, = 1 
in parameter byte P1, 
and calculate modulo 
180 value of the angle. 


Transform modulo 180 value 
in degrees to a positive integer, 


' 0 to 32767, whose binary bits 


are ao - a14. 


EXAMPLE 


(Assume A = 300.0 degrees) 


NP1=8 


pPi=[0001000| 


A = 300 - 180 = 120.0 


_ 120.0 , 
NA = 90.0 16384 
NA = 21845 


Parameter Encoding 


PROCESS FLOW 
© 


NA1 = NA/4096 


NPL=NPI+NAI+96 


NA = NA-4096 * NAT 


NA2 = NR/B4 


NAS = NA - 64" NAZ 


EXPLANATION 


(continued) 


Calculate decimal integer value 
of bits a; . - a,4, to be assem- 
bled into the parameter byte 
Pi. 


Assemble value of a,. - a,4 
into the parameter byte P1. 


Set flag bits = “110” by 
adding 96. 
Calculate decimal value of 


bits ay - a1. 


Is parameter complete with 
one byte? 


Calculate decimal integer value 
of bits a, - a,,, to be assem- 
bled into parameter byte P2. 


Calculate decimal integer value 
of bits a9 - as, to be assem- 
bled into parameter byte P3, 
if necessary. 


Is parameter complete with 
two bytes? 


Assemble pre-calculated value 
of bits ap - as into parameter 
byte P3. (Set complement 
bit by adding 64, if NA3 
< 32.) 


Assemble pre-calculated value 
of bits a, - a, into parameter 
byte P2. (Set complement 
bit by adding 64, if NA2 
<32.) 


EXAMPLE 


NA1 = 21845/4096 = 5 


NP1=8+5+96 = 109 


NR = 21845 - 4096 * 5 
NR = 1365 


NA2 = 1365/64 = 21 


NA3 = 1365 - 64 * 21 


NA3 = 21 


NP3 = 21 + 64= 85 
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Chapter 10 


Instruction Set 


Introduction 


This chapter describes the complete Model 7221B and S Instruction Set. The chapter is 
organized by functional groups as follows: 


Device Control Instructions 


@ 1/0 Control Group Instructions 
@ Output Group Instructions 


Graphic Instructions 


® Setup Group Instructions 
Plot Group Instructions 

Label Group Instructions 
Macro Instruction Group 


Paper Advance Group Instructions (7221S only) 


Aconvenient foldout at the rear of the manual (Appendix E) provides ready reference to the 
Instruction Set. In this chapter and in Appendix E, the following syntax conventions apply: 


< 


> 


Numeric parameters are shown between angle brackets. These include 
decimal digits <DEC>, ASCI|-encoded digits <ASC>, and binary-coded 
parameters such as multiple byte numbers <MBN>. Refer to Chapter 9 
for descriptions of binary format. 


Optional parameters are shown between square brackets . 
Parameters which may be repeated are shown between braces. 


Literal bytes are represented by encircled equivalent ASCII characters. 
Refer to Appendix D to find the binary, octal and decimal values of these 
bytes. 
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Device Control Instructions 


The Device Contro! instructions are acted upon immediately by the plotter, subject to rele- 
vant internal conditions, and are never stored in the plot data buffer. These instructions are 
arranged into two groups that are summarized below. 


1/0 Control Group Output Group 

® Plotter On @ Output Identification 

@ Plotter Off @ Output Buffer Size 

@ Set Output Mode @ Output Buffer Space 

@ Set Handshake Mode 1 @ Output Status 

@ Set Handshake Mode 2 ® Output Error 

@ Set Extended Output and Handshake Modes ® Output Graphic Limits 

@ Set Plotter Configuration ® Output Current Position 

e@ Abort Device Controf Instructions @ Output Digitized Point 

@ Abort Graphic Instructions *e® Output Extended Status 
NOTE 


All Device Control Instructions are three-character escape- 
code sequences. All two-character escape code sequences 
other than sc) G) are completely ignored. 


*NOTE 
This instruction pertains primarily to the 7221S plotter. 
However, if this instruction is sent to a 7221B, the plotter 
will output that the paper advance option is “off” (not 
pertinent). 


— 
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I/O Control Group Instructions 


Plotter On 


Korero | 


Description: Beginning with the next character, the plotter intercepts incoming data and 
interprets it as plotter instructions, without passing it onto the terminal. However, the 
PLOTTER ON instruction itself will be passed onto the terminal as shown in Figure 10-1. 
If the plotter is already programmatically on, then a PLOTTER ON instruction is ignored, 
Refer to Chapter 3 for further information on operating modes. 


Plotter Off 


OOO | 


Description: Beginning with the next character, the plotter resumes a passive state in which 
data is passed both ways between the modem and terminal ports. The plotter wil! remain 
in this state until receipt of aPLOTTER ON instruction. 


SENT NOT SENT ON SENT 
TO TERMINAL TO TERMINAL TO TERMINAL 
aie ee 
OMOQOOO 
PLOTTER ON PLOT DATA PLOTTER OFF 
INSTRUCTION INSTRUCTION 


Figure 10-1. PLOTTER ON and PLOTTER OFF Instruction Routing, ON-LINE Mode 
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The <DEC> and <ASC©@ Formats 


The next five instructions (Set Output Mode, Set Handshake Mode 1, Set Handshake Mode 
2, Set Extended Output & Handshake Modes, and Set Plotter Configuration) have para- 
meters which are not encoded in the binary format used with graphic instructions. Instead, 
these parameters are strings of decimal and ASCll-encoded digits separated by semi-colons. 
Each of these instructions is terminated by a colon which may occur after any number of 
parameters. Also, any parameter may be omitted by sending only the semi-colon which 
normally delimits it from the next parameter. Omitted parameters are set to their default 
values. Where the <ASC> format is used to specify the ASCII decimal equivalent of an 
input/output character, a ‘’O0’’ (the ASCII equivalent of NULL) generally indicates the 
associated function is not to be used. The <DEC> format is used to represent the ASCII 
decimal equivalent of an integer value. The following examples of the <DEC> and <ASC> 
formats define valid and invalid conditions. 


Valid Formats. 


All but first parameter 
OOOO se 
() CS (m) OOG G) G) Second, third, and forth 
<DEC> <ASC> 
parameters defaulted. 
sc) C) () @) All parameters defaulted. 


Invalid Formats. 


Clelorsie) erotin 
e) C) G) <DEC> No terminating colon. 
(c) eS Q) <DEC> <ASC> <ASC> GC) Missing semi-colon de- 


limiters. 
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Set Output Mode 


© c) (wore) ken) [sasc>] G) [easel esses] ) 


<DEC> 


K<ASC> 


<ASC> 


<ASC> 
<ASC> 


Turn-around delay (0 to 9999 milliseconds) 


Default: O milliseconds (no delay) 


Output trigger character;ASCI| decimal equivalent (Oto 126) 


Default: O (ASCII equivalent of NULL) 


Echo-terminate character;ASCII decimal equivalent (Oto 126) 


Default: O(ASCII equivalent of NULL) 


Output terminator; 1 or 2 characters; ASCII decimal equivalents (0 to 
127) 


Default: 13; O(ASCII equivalents of Carriage Return and NULL) 


cereus: @)OQ@ CO) meses 
COO OCICS Ce lolo COle 
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Instruction Set 
General Description 


The SET OUTPUT MODE instruction establishes the nature of plotter cutputs, providing 
compatibility with a wide variety of terminal protocols. Figure 10-2 illustrates the flow- 
chart for a plotter output operation upon receipt of a SET OUTPUT MODE instruction. 


Trigger 


Beginning with the receipt of an output instruction and continuing until receipt of the 
trigger character, all input except device control instructions is ignored. If the trigger 
character is defaulted or specified as zero (NULL character), then a trigger is not required 
and input is not ignored. 


Turn-Around Delay 


Following receipt of the output instruction and trigger character (if any) the turn-around 
delay begins at the end of which time transmission begins. 


Echo Terminate 


Beginning with the start of transmission and continuing until receipt of the echo-terminate 
character, all input except device control instructions is ignored. If the echo-terminate 
character is defaulted or specified as zero {NULL character), then an echo-terminate char- 
acter is not required and input is not ignored. 


In the default situation, the plotter transmits requested information terminated by a car- 
riage return, immediately following receipt of an output instruction. 


Output Terminator 


Following transmission of the requested information, the two terminator characters are 
transmitted. If the first character, or both characters are defined as zero (NULL character), 
then no terminator characters are transmitted. If the second character is defined as zero, 
then only the first character is transmitted. If the output terminator is defaulted, then only 
a carriage return is transmitted. 


QUTPUT 
REQUEST 


Instruction Set 


INPUT 


‘OutPuT 
OISABLE TRIGGER 
TRIGGER BUFFER CHARACTER 
CHARACTER INPUT RECEIVED 
a > 
WAIT 
FOR 
TRIGGER 
ENABLE 
SUFFER 
INPUT 
WAIT 
FOR 
TURN AROUND 
DELAY 
ECHO 
TERMINATE DISABLE SUPPRESS 
CHARACTER BUFFER ECHOING 


SEND 
REQUESTED SEND REQUESTED 
INFORMATION INFORMATION 
‘SECOND TRANSMIT 
SEND FIRST OUTPUT NO Sorrur 
TERMINATOR TERMINATOR TERMINATOR 


CHARACTER 
-0 


CHARACTER 


OUTPUT 
DONE 


SEND SECOND 
TERMINATOR 
CHARACTER 


ECHO 
TERMINATOR, 
RECEIVED 

? 


ENABLE 
BUFFER 
INPUT 


Figure 10-2. Plotter Output Mode Flowchart 


WAIT FOR 
ECHO 
TERMINATE 
CHARACTER 
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Set Handshake Mode 1 


© C) Cafe esol G Yesseaf ) 


Set Handshake Mode 2 


QO @QraQ ree QD 


<DEC> 


<ASC> 


{<asc>} 


DEFAULT: 
or 


is the same as 


and the 


same as 
—— 


Block size (0 to 9999 bytes) 


Default: O bytes (80 bytes when bit 0 of the second parameter of the SET 
PLOTTER CONFIGURATION instruction is set equal to 1). 


Handshake enable character-ASC}I decimal equivalent (0 to 126) 
Default: 0 (ASCII equivalent of NULL) 


Handshake string of 1 to 10 characters-ASCII decima! equivalent (0 to 127) 
separated by semi-colons 


Default: All 0 (ASCII equivalents of NULL) 


OOO 
HOO 
OOOOOVOVOO * wove 


HARDWIRE switch is set to MODEM at plotter power on. 


©) OMMOOOOOO 


MODEM/HARDWIRE switch is set to HARDWIRE at plotter power on. 


Instruction Set 


Set Extended Output and Handshake Mode 


| © CE @) free A) tse] © 


<DEC> Delay between output characters (0 to 9999 milliseconds) 


Default: O milliseconds (no delay) 
{<asc>} Immediate response string to handshake enable character. String of 1 to 
10 characters-ASCI| decimal equivalents (0 to 127) separated by semi- 


colons 


Default: All O (none defined) 


oar © OWMOD 
vines ©) OMOOOOD 
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General Description 


The Set Handshake Mode 1, Set Handshake Mode 2, and Set Extended Output and Hand- 
shake Mode instructions establish an automatic handshake with which the plotter can 
indicate that buffer space is available for another block of graphic instructions and permits 
injecting a delay prior to each output character. Each handshake cycle is initiated by 
receipt of the handshake enable character as shown in Figure 10-3. The plotter then moni- 
tors the buffer until buffer space equal to or greater than the specified block size is avail- 
able, at which time the handshake string is transmitted. If an immediate response string is 
specified, the string is transmitted prior to the handshake string. The immediate response 
and handshake stringsconsist of the first 1 to 10 non-NULL specified characters, A specified 
NULL character is not transmitted and terminates the string. 


Handshake Mode 1 


In this mode, the handshake string is transmitted in accordance with the conditions estab- 
lished by the SET OUTPUT MODE and SET EXTENDED OUTPUT AND HANDSHAKE 
MODE instructions, which may include turn-around delay, character delay, trigger character, 
echo-terminate character, and output terminate characters. 


Handshake Mode 2 


In this mode, transmission of the handshake string is not subject to the trigger character, 
echo-terminate character, and output terminate character conditions established by the 
SET OUTPUT MODE instruction. The handshake string is transmitted as soon as buffer 
space is available, but after the character delay, turn-around delay, and immediate response 
string, if specified. 


Modes 1 and 2 


Unless otherwise specified by modes 1 or 2, the receipt of an ENQ control character causes 
transmission of an ACK character. This is an automatic ‘‘dummy” handshake which is not 
dependent on buffer space and wil! only occur if a received ENO character is not used for 
some other function. 


The two handshake modes are mutually exclusive. Specifying either mode will disable the 
other mode such that only one mode is in effect at a time. 


WAIT FO# 
TRIGGER 
mone 


eae 


START 
TURN AROUND 


| oFtay Timer 


SUPPRESS 
ECHOING 
[MODE 1} 


a) 


SEND 
CHARACTER 


QUFFER 
SPACE 2: 
BLOCK SIZE 


SUPPRESS 
ECHOING. 
(MODE 1 


“0 
? 


v 


No. 


SEND OUTPLT 
- TERMINATOR 
(MODE 1) 


WAIT FOR 
ECHO TERMINATE! 
IMODE 1 


Figure 10-3. Plotter Handshake Mode Flowchart 
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Extended Output 


The first parameter of the Set Extended Output and Handshake Mode establishes a delay 
prior to the output of each character. If a character delay is specified, each “SEND CHAR- 
ACTER” block in Figure 10-3 is expanded to reflect the flowchart shown in Figure 10-4. 


Handshake Mode 


The second parameter of the Set Extended Output and Handshake Mode identifies an 
immediate response string which is transmitted in accordance with the conditions established 
by either Set Handshake Mode 1 or Mode 2 as shown in Figure 10-3. 


START 
CHARACTER 
DELAY TIMER 


SEND 
CHARACTER 


Figure 10-4. Character Delay Flowchart 
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Set Plotter Configuration 


SOG 1O 


<DEC> Set maximum buffer size (0 to 9999 characters) 


Default: Maximum actual buffer in the plotter 


<ASC> Set configuration options character-ASCII decimal equivalent of 4-bit 
word (0 to 15): The ASCII decimal equivalent of a 7-bit word is possible; 
however, the three most significant bits are not used. 


Default: Initialized only at plotter power on. Bit O and bit 1 determined 


by position of MODEM/HARDWIRE switch: 
MODEM = 0; HARDWIRE = 1. Bit 2 and bit 3=0 


cnr © OOO 
mms © OOODOOOOO # 


MODEM/HARDWIRE switch is set to MODEM. | 


Description 


The first parameter of this instruction sets the apparent maximum buffer size and avail- 
able space of the plotter to help ensure that graphics data does not overflow the buffers 
capacity. The actual buffer size and space are unchanged, but the plotters response to 
an output request for buffer size or buffer space is restricted to a value equal to or less 
than the value specified by the first parameter of this instruction. The second parameter 
establishes configuration options as defined by the bit pattern listed in Table 10-1. 
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Table 10-1. Set Configuration Options Bit Definition 


BIT 


LOGIC STATE 


- 


DESCRIPTION 


0 (off) 


1 (on) 


Sets RS-232-C Data Terminal Ready (CD) control line to 
high (on) at modem connector as required for normal 
control line protocol. Refer to Figure 11-4. 


Establishes ‘Buffer Available Flag’’ at modem connector on 
RS-232-C Data Terminal Ready (CD) control line, where 
{CD} is not normally used in a hardwired environment. 
Refer to Figure 11-4. 


(CD) is set high {on} if: Buffer space > = current block 
size. The block size is established by the SET HAND- 
SHAKE MODE 1 or MODE 2 instructions, and unless 


otherwise specified, the block size will default to 80 bytes 


when bit 0 of this instruction is set to 1 or if the MODEM/ 
HARDWIRE switch was set to HARDWIRE at plotter 
power-up. 


(CD) is set low (off) if: Buffer space < current block size. 


0 (off) 


1 (on) 


0 (off) 


1 {on} 


Implements ‘‘Disable Data Transmission” as shown in Figure 
11-4. Normal control line protocol must be observed in 
order for data transmission to occur. 


Enables data transmission independently of the RS-232-C 
Data Set Ready (CC) and Clear To Send (CB) control line 
conditions as shown in Figure 11-4. 


Allows indicator lamp to be lit only when plotter is 
in STANDBY mode. 


Causes indicator lamp to flash if a character has 
been sent to the plotter within the last % second. This visual 
indication that data is being sent to the plotter is available 
only when programmed “‘on™ in the On Line or Local made. 
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Table 10-1. Set Configuration Options Bit Definition (Continued) 


—— 


BIT | LOGIC STATE 


_ 


DESCRIPTION 


0 (off) 


1 (on) 


Allows plotter to operate normally, as specified for the ON 


LINE programmed “on” mode, 


Enables all data that is received or transmitted by the 
plotter to be viewed on the terminal. This is called “MON- 
ITOR” mode and is active only when the plotter is pro- 
grammed “on” in the On Line mode. All data which the 
terminal sends to the plotter (except ‘’Break‘’) is ignored 
while in “MONITOR” mode. 


NOTE 
All data is transmitted to the terminal in the 
following ways: 


a. Data received by the plotter at the 
modem connector is also sent to the 
terminal connector. 


b. When the DUPLEX switch is set to 
HALF, all plotter output responses are 
sent to both the computer and terminal. 


c. When the DUPLEX switch is set to 
FULL, all plotter responses are sent to 
thecomputer. If the computer is working 
in an echo plex environment, each of the 
plotters output responses is then echoed 
from the computer, through the plotter, 


to the terminal. 
to 
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Abort Device Control Instruction 


| COO 


Description 


This instruction aborts any Device Control instructions that may be partially decoded or 
executed. Unspecified parameters of partial instructions are defaulted. All pending or 
partially transmitted output requests are immediately terminated including digitize, hand- 
shake and output instructions. Intermediate output operations, such as turn-around delay 
and echo suppression, are aborted and buffer input is enabled. Only the specified execution 
of an output operation is aborted. The handshake and output modes remain as specified. 
When a digitize operation is aborted, the ENTER light is turned off and the execution of 
graphic instructions is resumed. 


Instruction Set 


Abort Graphic Instruction 


OOW 


Description 


This instruction aborts any partially decoded Graphic instructions but permits instructions 
being executed to finish. All pending Graphic instructions in the buffer are discarded, 
leaving the buffer empty. Partially defined macroinstructions are completely erased, al- 
though all other macros remain as defined. Partially executed macro-invokes and labels are 
terminated. 
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Output Group Instructions 


All output instructions operate according to conditions established by the previously 
described SET OUTPUT MODE instruction and are also subject to the output character 
delay as established by the SET EXTENDED OUTPUT AND HANDSHAKE MODE instruc- 
tion. Al! output parameters consist of ASCII! digits, minus signs and commas that form 
integers in the range between -32768 and 32767 which are delimited by commas. Leading 
zeros and plus signs are not sent. 


Output instructions are not stored in the plotter’s buffer, and processing begins as soon as 
they are received. Therefore, the requested outputs reflect current conditions in the plotter. 


Error 10 is set in the plotter if an output request instruction is received while a previous 
output request is being processed. 


Output Identification 


|E0@ 


Resionse: 


7221,<date code>,<ROM option> 


Response Description: 


7221 Model Number 
<date code> Firmware date code, 3 to 5 digits 
<rom option> Plug-in ROM option code, 0 = none 


ee 


Instruction Set 
Output Buffer Size 


ce ©. 


Response: 
<bytes> 


Response Description: 
<bytes> Number of bytes allocated to buffer use; 0 to 1128 bytes. (0 to 
3056 bytes with the additional R/W memory option.) 


Description 


The number of bytes allocated to buffer use is equal to the total amount of user R/W 
memory (1128 or 3056 bytes), minus the amount currently allocated to macros. In addit- 
tion, the response will not be transmitted until the buffer is empty, so that the size will 
also equal currently available buffer space. The response may be restricted to a maximum 
value established by the SET PLOTTER CONFIGURATION instruction. Refer to Chapter 
3 for a discussion of buffer implementation. 
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Output Buffer Space 


OO® 


Response: 
<bytes> 


Response Description: 
<bytes> Number of bytes of buffer space that are currently available for 
storing received graphic instructions. Oto 1128 bytes in the standard 
instrument, and 0 to 3056 bytes with the additional R/W memory 


option. 


Description 


The number of currently available bytes in the buffer equals the buffer size minus the num- 
ber of bytes occupied by the graphic instructions yet to be executed. The response may be 
restricted to a maximum value established by the SET PLOTTER CONFIGURATION 
instruction, 


instruction Set 


Output Status 


LOO 


Response: 
<status> 


Response Description: 
<status> Decimal equivalent of 16 bit status word -32768 to 32767 


Description 


This instruction response provides the status of the plotter using the bit pattern listed in 
Table 10-2. Bits 0 to 7 contain information about the plotter’s pens. Bits 8 to 10 indicate 
Operational states, and bits 11 to 15 indicate occurrence of events that may effect plotting. 
Bits 11 to 15 are reset to O after each OUTPUT STATUS instruction. Immediately after 
plotter power on bits 0 to 3, bit 8, bit 10 and bits 13 to 15 are initialized to 0; bits 9, 11 
and 12 are initialized to 1; and bits 4 to 7 indicate pens in the pen stalls. 


PROGRAMMING NOTE 
Some conditions which cause a status bit to be set ’‘on”’, will also later cause an error to be 
set when the data involved is being processed for execution. Examples of this are buffer 
overflow (status bit 12) and transmission errors (status bit 14). The OUTPUT STATUS 
instruction provides a means of periodically checking the validity and integrity of data sent 
to the plotter, without waiting for that data to be processed for execution. 
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Table 10-2. Output Status Bit Definition 


DECIMAL 
BIT EQUIVALENT DESCRIPTION 
— PEN CONDITIONS — 
0 1 Pen Up/Down ( 0/ 1) 
1 2 
2 
3 
000 NO PEN SELECT instruction since power on, 
or no pen in holder 
001 Pen 1 in holder 
010 Pen 2 in holder 
011° Pen 3 in holder 
100 Pen 4 in holder 
4 16 Pen Stall No. 1 Empty/Occupied (0/1) 
5 32 Pen Stall No. 2 Empty/Occupied (0/1) 
6 64 Pen Stall No. 3 Empty/Occupied ( 0/ 1) 
7 128 Pen Stall No. 4 Empty/Occupied (0/1 ) 
— OPERATIONAL STATES — 
NO=0 YES=1 
8 256 Pause in graphics while front panel is being serviced 
9 512 Logical pen position is currently out of limits (OUT OF 
LIMITS light is on steady) 
10 1024 Macro instruction is being defined and stored 


— 
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Table 10-2. Output Status Bit Definition (Continued) 


BIT 


DECIMAL | 
EQUIVALENT 


DESCRIPTION 


12 


2048 


4096 


~— ADVISORY CONDITIONS — 
NO=0 YES=1 


Plot variables have been altered by front panel operator 
controls. This bit is set when the following occurs: 


Power On 
Front panel initialize 
Front panel operation of: UPPER RIGHT 
LOWER LEFT 
CHART LOAD 
Arrow/FAST 
pushbuttons 


These controls can be used to change the pen position or 
graphic limits, and their use will set bit 11 whether or not 
the associated variables have new values. Bit 11 will not 
be set by operator (front-pane!} changes in pen status 
(up or down). 


The data buffer has overflowed or has been flushed 
(emptied). Bit 12 is set when there is no room in the 
buffer for a received character. Refer to the Chapter 3 
discussion covering buffer implementation and the 
section entitled ‘’Transmission Errors” in Chapter 11. 
The buffer is also flushed and bit 12 set when one of the 
following events occur: 


The front-panel STBY (standby) control is operated. 
When an ABORT GRAPHIC instruction is executed. 
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Table 10-2. Output Status Bit Definition (Continued) 


BIT 


DECIMAL 
EQUIVALENT 


DESCRIPTION 


15 


8192 


16384 


Sign 


— ERROR CONDITIONS — 
{Refer to the OUTPUT ERROR instruction for 
further information concerning the types of errors). 
NO=0 YES=1 


Syntactical error has been detected and the ERROR light 
is on. A syntactical error means that input data contains 
invalid instructions or formats or that an instruction has 
been illegally used. 


A transmission error has occurred, such as a parity error, 
causing input data to be improperly received. Bit 14 is 
set when a bad byte is received; however, a syntactical 
error will not be recorded, nor the front-panel ERROR 
lamp lighted, until the bad byte is being processed for 
execution. 


An internal error has occurred and the ERROR light is 
blinking. The plotter has detected an error in the execu- 
tion of the internal firmware which is generally due toa 
transient or permanent hardware failure. The plotter 
treats this type error like any other, except that it also 
reestablishes certain critical internal variables. Refer to 
Chapter 2 for details on the ‘‘Confidence Test.” 
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Output Error 


oer | 


Response: 
<type>, <byte>, <quantity> 


Response Description: 
<type> Error type of most recent error, 0 to 99 


<byte> Byte, instruction, or macro in which error occurred, 0 to 126 


<quantity> |= Number of errors since last OUTPUT ERROR instruction, 0 to 32767 


Description 


This instruction responds with information concerning the most recent error. If no errors 
have occurred the plotter will output 0, 0,0. The types of plotter errors are listed in Table 
10-3. For error types 1, 2 and 3 the <byte> output is the ASCI! decimal equivalent of the 
invalid byte. For error types 5 through 8, 10, 11, 20 and 99 the <byte> uniquely identifies 
the instruction in which the error occurred. In graphic instructions this byte is the first 
byte of the instruction unless the byte is a ©) . In this case, the <byte> response 
identifies the second byte. In Device Control instructions, the <byte> response is the 
character following €s9 G) . For error types 13 through 19, the <byte> response 
identifies the number of the affected or indicated macro instruction. 


The <quantity> response is the number of errors since power on, or since the last OUTPUT 
ERROR instruction. This number cannot exceed 32767. 


In general, when an error is encountered, the instruction in which the error occurred is 
aborted. When the instruction is a graphic instruction, all buffer data will be ignored with- 
out further errors until the valid first byte of a grpahic instruction is received. Error con- 
ditions existing in a graphic instruction do not result in setting an error in the plotter 
until that instruction is being processed for execution. 


After completion of an OUTPUT ERROR instruction, the front-panel ERROR light is cleared 
and all three error items are reset to zero. The associated status bit remains unchanged. 
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Table 10-3. Output Error Types 


<TYPE> 


DESCRIPTION 


10 


No errors. 
Invalid byte received when graphic instruction expected. 
Invalid byte received following the (~) in a graphic instruction. 


Invalid byte received following the 0) Cc in a device control 
instruction. 


Out of paper or paper advance option is “off” when either ©) 
or instruction is received. 


Missing Y part in an INCREMENTAL MOVE or DRAW instruction, or 
missing length parameter in the DASH LINES instruction. 


Parameter out-of-range (too big, too small or an illegal value). 
Too many bytes in a multi-byte parameter. 


Too many space/dash parameters in a DASH LINES instruction. 
Too many <ASC> parameters in a SET OUTPUT MODE instruction. 
Too many <ASC> parameters in a SET HANDSHAKE MODE 1 or 2 
instruction. 


Not used. 


Output instruction received while another output instruction is exe- 
cuting. The original output instruction will continue normally while 
the one in error will be ignored. 


A LABEL instruction contains a character which has one or more out- 
of-range vectors due to large size and/or slant. When the first out-of- 
range vector is detected, the character is aborted and the next character 
is attempted. 
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Table 10-3. Output Error Types (Continued) 


<TYPE> 


DESCRIPTION 


14 


15 


19 


20 


99 


Not used. 


An AUTOMATIC MACRO instruction has been encountered within an 
automatically invoked macro. 


An AUTOMATIC MACRO instruction has specified a non-existent 
macro. 


A MACRO INVOKE instruction has specified a non-existent macro. 


A MACRO INVOKE instruction has attempted an invoke of itself 
either directly, or indirectly through other macros. 


A MACRO DEFINE instruction has been attempted within a MACRO 
DEFINE instruction. 


A MACRO DEFINE instruction has attempted to define a macro which 
is bigger than the available space. The entire macro has been erased 
and ignored. 


A transmission error has occurred to a byte in a MACRO DEFINE 
instruction. The entire macro has been erased and ignored. 


A transmission error has been detected in a graphic instruction other 
than a MACRO DEFINE instruction. 


An internal error has been detected, and the front-panet ERROR light 
is flashing. 
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Output Graphic Limits 


OO© | 


Response: 
<X min>,<Y¥ min>,<X max>,<Y max> 


Response Description: 


<X min>,<Y¥ min> Lower left graphic limit point in machine units, 0,0 to 16000, 11400 


<X max>,<Y max> Upper right graphic limit point in machine units, 0,0 to 16000, 11400! 


Description 


Outputs the current lower left and upper right graphic limit points as established by use of 
front-panel controls, a set GRAPHIC LIMIT instruction, or an initialize operation. Refer 
to Chapter 4 for a definition of machine units. 


NOTE 
Graphic limit points are established differently on the 7221S, 
and depend on whether ‘English’ or ‘Metric’ size roll 
paper is loaded in the plotter. 
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Output Current Position 


Claro) | 


Response: 
<X position>,<Y position>,<pen>. 


Response Description: 
<X position> X coordinate of pen position in machine units, 0 to 16000 


<Y position> Y coordinate of pen position in machine units, -968 to 11400 


<pen> Pen state UP/DOWN (0/1) 


Description 


The current pen position is output unless the pen is moving along a programmed vector, 
in which case the end point is output {i. e., soon to be current position). The Y coordinate 
is negative when the pen holder is in the stable area. Immediately after power-on or an 
initialize operation, the current position is undefined until the mechanical limits have been 
established. 


PROGRAMMING NOTE 
Normally, in order for the plotters’ response to be meaningful, all previous graphic data in 
the buffer should be executed prior to sending the OUTPUT CURRENT POSITION in- 
struction. The following sequence will ensure this condition. 


Send: ‘@> Instruction terminator {ensures that last instruction is 
executed). 


(=e) S () OUTPUT BUFFER SIZE instruction (waits for buffer 


to be emptied). 


[Read Buffer Size to determine if all data in buffer is executed] . 


2) Se (c) OUTPUT CURRENT POSITION instruction. 
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Output Digitized Point 


©OO®@ 


Response: 
<X position>,<Y position>,<pen state>,<pen number> 


Response Description: 
<X position> X coordinate of digitized point in plotter units, 0 to 16383. 


<Y position> Y coordinate of digitized point in plotter units, 0 to 16383. 


<pen state> Pen UP/DOWN ( 0/ 1 ) at digitized point. 


<pen number> Selected pen number at digitized point; 1 through 4 or O (none). 


Description 


Receipt of this instruction starts a digitize operation. The ENTER light comes on steady 
and the operator moves the pen to the desired position using the front-panel arrow push- 
button controls. As usual, the pen only comes to rest on grid intersections so that the grid 
resolution determines digitizing resolution. The operator may also select any pen and set it 
up or down. The operator then operates the ENTER switch which causes the digitized 
point to be transmitted, the ENTER light to go out, and the digitize operation to terminate. 


Each digitize operation must be initiated by receipt of an OUTPUT DIGITIZED POINT 
instruction. Note that the digitized point is output in plotter (grid-defined) units and that 
points outside the graphic limits can not be digitized. Attempts to digitize a point when the 
OUT OF LIMIT light is on, are ignored. Refer to Chapter 4 for a definition of plotter units. 


PROGRAMMING NOTE 
Normally, point digitizing is implemented after all pending graphic instructions are executed 
(buffer empty}. To accomplish this, the OUTPUT DIGITIZED POINT instruction may be 
preceded by an instruction terminator and an OUTPUT BUFFER SIZE instruction, as 
shown in the programming note under OUTPUT CURRENT POSITION. 
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Output Extended Status 


Royero 


Response: 
<status> 


Response Description: 


<status> Decimal equivalent of 2 bit status word in the range of O to 3. 


Description 


This instruction response provides the status of the 7221S paper advance option using the 
bit pattern listed in Table 10-4. The instruction is relevant to the 7221B only to indicate 
that the paper advance option is ‘‘off’’ (not used). 


PROGRAMMING NOTE 
This instruction can be used at the beginning of a plotting sequence to determine if a paper 
advance operation is necessary and feasible before plotting commences, and to check for 
an out-of-paper condition resulting from the paper advance. When requesting OUTPUT 
EXTENDED STATUS after a paper advance operation, it is necessary to ensure that the 
paper advance instruction is actually executed before requesting the extended status. The 
following sequence suggests one way to accomplish this. 


Send: () (+) ADVANCE FULL PAGE instruction. 
G) Instruction terminator. 
(&) eS) Q) OUTPUT BUFFER SIZE instruction. 


[Read Buffer Size to determine if all data in buffer is executed] . 


(&c) C) (0) OUTPUT EXTENDED STATUS instruction. 


Refer to the Paper Advance Group Instructions for more details. 
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Table 10-4. Output Extended Status Bit Definition 
BIT LOGIC STATE DESCRIPTION 
t 

0 0 Paper advance “off” (Roll paper is not loaded) 

1 Paper advance “‘on”’ (Roll paper is loaded) 
+ 
1 0 Set only after an advance has happened and “paper’’ 
is sensed. 

4 Current page not clean. Set under the following con- 


ditions: 


2 


At plotter power on. 


b. Each time pen is programmatically lowered. 


c. Each time ‘‘no paper” is sensed after a front panel 
Paper advance. 


d. Each time ‘’no paper’’ is sensed before a program- 
matic paper advance attempt or after a programmatic 


paper advance. 


The possible combinations of bits 0 and 1, and their significance, are shown in Table 


10-5. 
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Table 10-5. Output Extended Status Bit Significance 


BIT 1 


BITO 


SIGNIFICANCE 


a. The paper advance feature is present. 


b.* A previous paper advance operation has successfully been com- 
pleted, but roll paper has since been removed or the lid an one 
of the paper advance modules has been raised. 


c. The plotting pen has not been lowered since the last paper 
advance. 


Same as both bits = 0, except that roll paper is still loaded and both 
lids are closed. Therefore, paper is ‘‘clean’’, and no paper advance is 
necessary. 


The paper advance feature may or may not be present, but if so, 
there is no roll paper loaded or the tid on one of the paper advance 
modules is raised. 


The paper advance feature is present, roll paper is loaded and both 
lids are closed, but one of the following conditions has occurred 
which would warrant a paper advance operation before any further 
plotting is attempted: 


a. The pen has been lowered (paper is dirty). 
b. No paper advance has been attempted since plotter power-up, 
therefore the ‘’clean’’ or “‘dirty’’ status has not been established 


by the plotter. 


c. A previous paper advance operation resulted in detection of an 


out-of-paper condition, but roll paper has since been loaded. 


*A paper advance operation is ‘successful’ if it is initiated and completed without 
detecting an out-of-paper condition. 
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Graphic Instructions 


Graphic instructions are always routed to the buffer and contain, in general, anything that 
affect the drawing being constructed by the plotter. All instructions are accessed from the 


buffer by a parser on a first in, first out basis. These instructions are arranged into five 
groups that are summarized below. 


Setup Group Label Group 
® Initialize @ Label Mode On 
@ Set Graph Limits ® Set String Terminator 
@ Set Grid Size ® Label Size 
®@ Velocity Select @ Label Slant 
e Arc Tolerance @ Label Font 
Plot Group Macro Instruction Group 
@ Pen Select ® Macro Instruction Define 
Move @ Macro Instruction Invoke 


Draw e Automatic Macro Instruction 
Incremental Move 
*Paper Advance Group 
Are Clockwise/Counterclockwise 
Fixed/Variable Dash Lines e Cutter Enable 
Rotate e Cutter Disable 
Rotate at Last Angle @ Advance Full Page 
e@ Advance Half Page 


e 
e 
e 
e@ Incremental Draw 
e 
e 
e 
e 


a 


*NOTE 
These instructions pertain only to the 7221S Plotter. 


a 


Instruction Set 


Setup Group Instructions 


These instructions are generatly used at the beginning of a plotting session to establish the 
desired plotter configuration. Attempts to use the SET GRAPHIC LIMIT instruction as 
a general purpose window, or the SET GRID SiZE instruction as a general scaling instruc- 
tion will meet with failure in most applications. The plotter was not designed to perform 
those functions in that manner. 


Initialize 


OO 


This instruction causes the plotter to find the mechanical limit switches thus resetting the 
mechanical origin. The plotter also resets all graphic variables to their default values, as 
well as clearing the ERROR light and error report variables. The status word is unaffected 
as are the device control variables (output mode, handshake mode, buffer data and macro 
data). Following an INITIALIZE instruction, graphic data is ignored until the valid first 
byte of a graphic instruction. 
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Set Graph Limits 


c aa) 
eore | 


<MBP> X,Y coordinates of the lower left point in machine units; 0,0 to 16000, 11400 


<MBP> X,Y coordinates of the upper right point in machine units; 0,0 to 16000, 11400 


Default: Upper right point maintains a constant position relative to the lower 
left point 


7221B Default: Lower Left X,Y = 520, 380 machine units 
Upper right X,Y = 15720, 10380 machine units 


7221S Default: If paper advance is ‘‘off’”’ same as 7221B 


If paper advance is “on’’ and ENGLISH/METRIC switch is 
set to ENGLISH 

Lower left X,Y = 520, 1020 machine units 

Upper right X,Y = 15760, 11180 machine units 


lf paper advance is ‘‘on’’ and ENGLISH/METRIC switch is 
set to METRIC 

Lower left X,Y = 520, 1140 machine units 

[_ Upper right X,Y = 15720, 11140 machine units 


Description 


Establishes the physical locations on the plotting surface that are used as the origin and full 
scale point for the plotter unit grid system. A plotter unit value of (0,0) is assigned to the 
specified location of lower left, and the full scale values as specified by the SET GRID 
SIZE instruction are assigned to the specified location of upper right. The location of the 
lower left and upper right can be interchanged as desired to invert or mirror the resulting 
plot. If no upper right parameter is included, then the upper right position ‘‘follows’’ the 
lower left position so as to maintain a constant relative distance. The upper right is per- 
manently reset to the closest mechanical limits if a upper right parameter is specified or 
implied to be outside the limits. The pen cannot be programmatically moved beyond the 
graphic limits. Lines which are specified beyond the graphic limits are clipped and the pen 
lifted at the boundary. The OUT OF LIMIT lamp is lighted as long as the logical (presumed) 
position of the pen is beyond graphic limits. 


Setting the graphic limits resets the logical position and moves the pen to the new grid 
point which is nearest the original physical location of the pen. 


Instruction Set 


Set Grid Size 


©) (s) [kmBP>] 


<MBP> X max, Y max plotter units; 
0, 0 to 16383, 16383 


Default: 3040, 2000 


Description 


This instruction establishes the grid system in which all plotting occurs, and defines plotter 
units, The end points of all internally and externally generated lines are on the grid points. 
The defined grid system is mapped onto the graphic limits in such a manner that the plotter 
unit origin 0,0 is mapped onto the Lower Left and the X max, Y max plotter unit point 
is mapped onto the Upper Right. Setting the grid size resets the logical pen position and 
moves the pen to the new grid point which is nearest the original physical location of the 
pen. Although plotter units can imply more precision, the plotter will round al! plotter 
unit values to the nearest machine unit (.025 mm) before plotting. 


NOTE 
Default graphic limits and grid size parameters establish one 
plotter unit in either orthogonal direction as equivalent to 
five machine units (0.125 mm). 
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Velocity Select 


©) (v) [<sBN>] 


<SBN> Maximum axis velocity in cm/sec, 1 to 36 


Default: 36 cm/sec 


Description 


This instruction sets the maximum velocity attainable in either axis. This velocity setting 
does not effect pen up moves or front panel operations. When the velocity is less than 
maximum (36 cm/sec), then the acceleration is automatically halved from 400 cm/sec/sec 
to 200 cm/sec/sec. 
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Arc Tolerance 


O@ [<SBN>] 


<SBN> Tolerance in plotter units, 1 to 63 


Default: 1 plotter unit 


Description 


Sets the maximum deviation between a specified arc and the internally generated chords 
that are used to approximate that arc. The tolerance is specified in plotter units. Smaller 
tolerances cause smoother arcs to be drawn but, consequently, increase the plotting time 
for a given arc. 


The number of straight line chords used to approximate an are varies as a function of both 
the specified tolerance and the radius of the particular arc. As the tolerance is increased 
or the radius is decreased, the number gets smaller. A lower limit on the angle of the chords 
in an arc has been established at 45 degrees. This means that at least one chord will be 
drawn for each 45 degrees of arc regardless of the radius or current value of the tolerance. 
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Plot Group Instructions 


Pen Select 


() [<sBn>] 


<SBN> Number of pen to be selected, O—4 (0 = put current pen away) 


Default: Puts current pen away 


Description 


This instruction selects a pen from the indicated stall unless that stall is empty or the pen 
holder has a pen and there are no empty stalls. The plotter puts the current pen into the 
stall from which it came unless it is occupied, in which case the pen is put into the lowest 
numbered empty stall. If the plotter cannot perform the requested action, the instruction 
is ignored. After selecting a pen, the plotter returns to the original position with the pen 
up. Pen selection does not effect any other graphic instructions. 
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Move 


() [<mer> [}<mer>{]] ] 


<MBP> Absolute X,Y end point of first pen-up move in plotter units; 0, 0 to 
16383, 16383 


{<mBp>t One or more absolute X,Y end points of successive pen-down moves in 
plotter units; 0, 0 to 16383, 16383 


Default: Pen is left up after the first move if only one end point is 
specified 


Default: If no end points, then pen is raised with no change in position 


Description 


This instruction specifies a series of end points to which the plotter moves in succession, 
starting at the present position. The first move is done with the pen up, but all subsequent 
moves are done with the pen down. The end points are specified in absolute plotter units 
(i.e., relative to the lower left) and are subject to the grid size and graphic limits in effect 
at that time. Pen down moves are also subject to the current dash mode and pattern. 
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Draw 


(a) [|<wee>t] 


i<mBp>} One or more absolute X,Y end points of successive pen-down moves in 
plotter units; 0, 0 to 16383, 16383 


Default: If no end points, then pen is lowered, regardless of out-of-limits 
condition or dash mode. 


Description 


This instruction is similar to the MOVE instruction except that all moves are done with 
the pen down, including the first move. 
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Incremental Move 


CG) [<pme> [{<pme>}] 


<PMB> {Incremental X,Y displacement of first pen-up move in plotter units; 
-16384, -16384 to 16383, 16383 


+ 


{<PMB>} One or more incremental X,Y displacements of successive pen-down moves 
in plotter units; -16384, -16384 to 16383, 16383 


Default: Pen is left up after the first move if only one incremental 
displacement is specified 


Default: If no displacements are specified, then the pen is raised with 
no change in position 


Description 


This instruction is similar to the MOVE instruction except the moves are specified by 
displacements relative to the pen position prior to each move. In addition, INCREMENTAL 
MOVES are subject to the current rotation. 
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Incremental Draw 


G) [|<ewe>] | 


{<PmB>} One or more incremental X,Y displacements of successive pen-down | 
moves in plotter units; -16384, -16384 to 16383, 16383 


Default: If no displacement specified, then pen is lowered, regardless of 
out-of-limit condition or dash mode 


Description 


Similar to the INCREMENTAL MOVE instruction except that all moves are done with the 
pen down, including the first move. 
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Arc Clockwise 


| (:) [<wen> [<MBA> [<MBA>] 1] | 


Arc Counterclockwise 


(2) [<wen> [<mBA> [<wea>1}] 


. 
<MBN> Radius of arc in plotter units, 1 to 32767 | 


Default: Last radius received, if none received then OUT-OF-RANGE 
error is flagged 


<MBA> Start angle, in degrees, 0 to 359.995 


Default: Start and stop angles are both assumed to be zero (3 o’clock 
position) 

<MBA> Stop angle, in degrees, 0 to 359.995 
Default: Stop angle is assumed to be equal to the start angle (i.e., implies 
a circle) 


Default: Full circle plotted starting at zero degrees with a radius equal to 
last radius received 


Description 


Each of these two instructions causes an arc, approximated by a series of equal length 
straight-line chords, to be drawn from the current position to the implied end point, in the 
specified direction. All arcs are drawn with the pen down. If only a radius is specified, 
then a circle is drawn, starting and stopping at the 3 o’clock position (zero degrees). If the 
stop angle is not specified, then a circle is drawn, starting and stopping at the specified 
start angle. If no parameters are specified, then a circle is drawn with a radius equal to the 
radius, (in plotter units) of the last arc or circle, whether clockwise or counterclockwise. 
This radius variable is reset to zero at power-on and during an initialize operation so that it 
must be explicitly specified after these operations. Arcs are subject to the current arc 
tolerance, grid size, graphic limits, rotation and dash mode. The chords which approximate 
a circle may be slightly different in the clockwise and counterclockwise directions, owing 
to numerical roundoff and grid anomalies. Normally a minimum of eight chords are gener- 
ated for a circle, but their end points fall on the nearest grid points. With extremely course 
grids, this may result in fewer than eight chords for circles with very small radii. 
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Fixed Dash Line 


| Oe) [{<sen>} <men>| | 


Variable Dash Line 


| O® [\<sen>} <men>] 


| 


4<SB n>} Pattern definition, one to sixteen successive relative dash and space 
lengths, 0 to 31 (plus 32 for dashes) 
<MBN> Length of a single pattern in plotter units, 1 to 32767 
Default: Solid line restored 
Description 


These instructions establish a dash font which affects all subsequent drawing, except char- 
acters, until the dash mode is altered or terminated. Arbitrary patterns of up to sixteen 
spaces, dashes, and dots (i.e., zero-length dashes) can be specified. Spaces are specified 
by relative lengths of 0 to 31 (a zero-length space causes a momentary pen lift). Dashes are 
specified by relative lengths of 0 to 31, but with 32 added to differentiate spaces from 
dashes (e.g., a dash of length 2 is specified as 32 + 2 = 34). tn FIXED dash lines, the pattern 
length is fixed, with the pattern repeating along successive vectors without regard to vertices. 
The pattern restarts at the beginning, following pen-up moves. In VARIABLE dash lines, 
the pattern length is adjusted for each vector such that an integral number of patterns fits 
along each vector, with a pattern length equal to or less than the specified nominal length. 
At least one complete pattern appears on each vector. Chords of internally-generated arcs 
are treated as individual vectors. Inaccuracies in variable dash lines develop when long 
vectors and/or short pattern lengths are specified due to numerical round offs. Fixed and 
variable dash lines are, of course, mutually exclusive. Only the most recent pattern is in 
effect at a given time. 
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Rotate 


r 


@) [<mBA>] 


. 4 
<MBA> Incremental angle of rotation {counterclockwise} in degrees, 0 to 359.995 


Default: Rotation is reset to zero degrees (i.e., no rotation) 


Description 


This instruction increases rotation by the specified incremental angle. All vectors, except 
absolute vectors specified in MOVE and DRAW instructions, are rotated by the current 
accumulated angle about their starting points. This has the effect of rotating whole figures 
or plots which are drawn with incremental vectors including internally generated arcs and 
characters. 
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Rotate At Last Angle 


So) 


Description 


Similar to the ROTATE instruction except that the angle of rotation is set to the angle 
between the three o’clock position and the most recent move by the plotter (excluding 


front panel positioning). Following power-on, initialize operations, and zero length moves, 
this angle is zero degrees. 
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Label Group Instructions 


Label Mode On 


[ ~ | 


C) eC [<STRING>] <TERM> 


<STRING> A string of one or more ASCII characters; any ASCi| characters allowed 
SERCUCHO RAC! 


Default: No operation 


<TERM> The currently-designated label termination character 


General Description 


This instruction establishes the Label Mode in the plotter. While Label Mode is in effect, 
all data processed from the plot data buffer is interpreted as a string of ASCI| characters 
to be drawn or acted upon. Thus, all the ASCII characters of <STRING> and <TERM> 
are processed as a label string. Labeling begins at the current pen position, The Label 
Mode terminates after <TERM> has been processed. 


The Label String 


Any of the ASCII characters shown in Appendix D can be included in the label string 
except (ud) xd). 0). or Ge). these four characters are not stored in the plot data 
buffer but are intercepted by the device control command processor. ASCII control codes 
(decimal values OQ — 32) are ignored, except for the format effectors and font selectors 
which are described in Table 10-6. Graphic characters are drawn to previously-specified 
size and slant, from the currently-selected character set (font). The drawn characters of 
each of the six available character sets, and their corresponding ASCII character codes, 
are shown in Appendix A. <TERM> is processed as a label string character before it 
causes the Label Mode to be terminated. 
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Table 10-6. Format Effectors and Font Selectors 


CODE 


DECIMAL | ASCII 


NAME 


EFFECT WHEN PROCESSED 
IN A LABEL STRING 


010 


011 


012 


013 


014 


015 


016 


017 


040 


03 


08 


09 


14 


15 


32 


© 


®®® ® ® ® 


Oo © © 


Default Label Terminator. No operation if 
another character is the currently-designated 
label terminator. 


Backspace. The character origin is moved back 
one character-space. 


Half-space. The character origin is advanced 
one-half character-space. 


Line Feed. The character origin and label origin 
are lowered one line-space. 


Inverse Line Feed. The character origin and 
label origin are raised one line-space. 


Set Label Origin. The label origin is reset to 
the current character origin. 


Carriage Return. Current character origin is 
moved to the location of the label origin. 


Select Alternate Character Set. Subsequent 
graphic characters are drawn using the currently- 
designated alternate font. 


Select Standard Character Set. Subsequent 
graphic characters are drawn using the currently- 
designated standard font. 


Space. Current character origin is advanced one 
character-space. 


© @eO®@ 


Always excluded from label strings. 


All other control codes not shown are normally ignored (no operation). 
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Label Placement and Orientation 


Each character in a label occupies an area of logical plotting space whose dimensions are 
referenced to a point called the character origin (refer to Figure 10-5). The initial label 


UAC DD CUT Nu a 


operations: front panel positioning; MOVE, DRAW, INCREMENTAL MOVE, INCRE- 
MENTAL DRAW, or ARC CLOCKWISE or COUNTERCLOCKWISE instructions; or 
Power On and Initialize operations. 


Since graphic characters and format effectors are incrementally generated, character orien- 
tation and labeling direction are subject to rotation produced by programmed instruction 
or by the front panel controls. (The latter method is effective only in LOCAL mode.) 


Label Origin 


The label origin is the point to which the pen moves in response to a carriage return 

It is reset to the current logical pen position following any of these operations: front panel 
pen positioning; MOVE or DRAW instructions; or processing of a contro! character 
while in Label Mode, It is reset to the Lower Left limit position following Power On and 
Initialize operations. The label origin is not affected by INCREMENTAL MOVE, INCRE- 
MENTAL DRAW, ARC CLOCKWISE or COUNTERCLOCKWISE instructions, ror by 
termination of a previous Label Mode. Line-feed control characters and cause 
the label origin to be moved up or down one line-space, perpendicular to the direction of 
labeling (refer to Table 10-6). 


Centered Symbols 


The centered symbols are those symbols of character set No. 5 whose decimal equivalent 
values are 65-79 (refer to Appendix A). Each of these fifteen symbols is drawn with its 
geometric center located at the current character origin. Unlike all other graphic characters 
and symbols, the current character origin is not automatically advanced one character-space 
upon completion of the symbols. 
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AL 


CHARACTER aX CHARACTER 


It SPACE ORIGIN 
LINE- 
SPACE 
LABELING 
DIRECTION 
oO — — 


Figure 10-5. The Character Origin 


Clipping 


Labels are subject to clipping at the graph limits. The current character origin and current 
label origin are logical positions maintained by plotter firmware, and may lie outside the 
graph limits. Drawn characters are clipped on a vector-by-vector basis. The end points of 
character vectors, like all vectors, fall on grid points; with very coarse grids this may cause 
characters to appear distorted. 


Defaults and Termination 
If <STRING> is omitted from the LABEL MODE ON instruction, the Label Mode is 


invoked but no graphic operations occur, except for whatever graphic results the label ter- 
mination character <TERM> produces. 


Instruction Set 


Defaults and Termination (Continued) 


Once invoked, Label Mode can be terminated only by <TERM>, by a Power-Off/Power On 
sequence, by an Initialize operation generated from the front panel, or by receipt of an 
ABORT GRAPHIC INSTRUCTION sequence (Esc). ) (x) . Other graphic instructions 
cannot be executed while Label Mode is in effect; an attempt to do so merely causes the 
plotter to draw the characters which are comprised of the instructions. (This is the effect 
of inadvertent omission of the label termination character.) 


Error Marker 


If a parity error, transmission ‘‘framing” error or buffer overflow error is detected while a 
abel string is being received by the plotter, an error marker is inserted at that point into the 
plot data buffer. When the label string is processed, each error marker causes an error 
symbol, consisting of five vertical lines to be drawn. 
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Set String Terminator 


~ 
OO tees 
1 
<MBN> Numeric equivalent of the label string terminator character; any value 

1 — 126 except 5 or 27. 
Default: 3 ( €) character). 

bee 

Description 


This instruction designates the ASCII character required to terminate the label mode; i.e., 
it specifies the required <TERM> character for subsequent LABEL MODE ON instruc- 


tions. Any character can be specified except (iu), .{esc), and (be) since these four 


characters are not stored in the plot data buffer but are intercepted by the device control 


Processor, 


Defaults 


lf SET STRING TERMINATOR instruction is processed in which the parameter is omit- 
ted, a value of 3 is assumed (EP) character). 


Initialize operations automatically establish the default string terminator, ey) : 


Instruction Set 


Label Size 


(-) [<mBP>] 


CURDS — Charset Snsina, Lins Shanina in lotr units, enh to 16200 


Default: 25, 50 


LL 


Description 


. This instruction specifies the character size and spacing dimensions of label characters 
produced by subsequent label mode operations. The parameter actually specifies only the 
spacing dimensions (called “SPACE, LINE” in Figure 10-6), but the size of the drawn 
characters is thereby implied. For example, for full upper-case alphabetic characters such 
as ‘‘A’’, character width is two-thirds of the SPACE dimension and height is one-half the 
LINE dimension (refer to Figure 10-6). 


WIDE 
HIGH 
é om 
space mn CHARACTER 
LINE 
é 
LINE _, SPACE _ 3 
HIGH WIDE 2 
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Instruction Set 


Altering Only One Dimension 


If either of the component values of the <MBP> parameter is specified as zero, the corre- 


sponding dimension remains unchanged. The other dimension is changed to the specified 
non-zero value. 


Defaults 


If a LABEL SIZE instruction is processed in which the parameters are omitted, the default 
values 25, 50 are assumed. 


Initialize operations automatically establish default dimensions (SPACE 25, LINE = 50). 
With default grid size and graph limits, this yields 8 characters per inch horizontally and 
4 lines per inch vertically. 


Extreme Values 


Although the LABEL. SIZE instruction processes any spacing parameter which has a valid 
MBP format without generating errors, some component values which are extreme (too 
large or too small) may produce unreasonable results, such as partial characters, or degen- 
erate or distorted characters. The latter two cases are more likely to occur with small 
spacing values and coarse gridding. 
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Label Slant 


7 
(-) (/) [<MBA>} 
7 


AMIDA Angle of character slant, in degrees counterclockwise from the character 
base, from O to 359.995, but treated as modulo 180 


Default: 90 degrees (vertical, rectangular characters} 


Description 


This instruction specifies the slant angle of label characters produced by subsequent label 
mode operations. The slant angle is defined as the angle formed by the character base-line 
and the side of an imaginary parallelogram enclosing the character space (refer to Figure 
10-7). “Label slant’ refers to the slant of individual characters, not to the angle of rota- 
tion of the line of lettering. The slant angle, being relative to the base line of lettering, is 
not altered if the line of lettering is rotated by means of a ROTATE or ROTATE AT LAST 
ANGLE instruction. The slant angle does not influence the effect of format control charac- 
ters processed in a label string, Specifically, the line-feed (cF)and inverse line-feed 
characters produce displacement in a direction perpendicular to the character base-line, 
regardless of the slant angle. 


CHARACTER 


aie 


JeHARACTER BASE LINE 


Angles Greater Than 180 Degrees 


Because the slant angle is not intended to change character orientation, the specified angle 
is treated as a modulo 180 number. Angles specified greater than 180 degrees produce 


characters drawn at slant angles of 180 degrees less than the specified value, rather than 
characters which are upside-down. 


Defaults 


If the slant angle parameter is omitted from a LABEL SLANT instruction, the default 
value of 90 degrees is assumed. Initialize operations automatically establish the default 
slant angle of 90 degrees. 


Extreme Values 


The LABEL SLANT instruction processes any valid <MBA> parameter without generating 
errors. However, values approaching 0, 180, or 359 degrees can produce undesirable dis- 


placement of the tops of characters, or moves of illegal magnitudes. (Such moves are 
ignored, generation of the current character is aborted, and the plotter continues to the 
next character.) 
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Label Font 


©) () [<mep>] 
cat lero nah 


Default: Standard, Alternate = 0,0 


Description 


This instruction designates which of the available fonts are to be considered the Standard 
and Alternate character sets for processing of ASCII characters in subsequent Label Mode 
operations. The available fonts and their assigned font numbers are shown in Appendix A. 


Font Selection 


The LABEL FONT instruction does not invoke selection of a font for label processing. 
Selection between the currently-designated Standard font and the currently-designated 
Alternate font is accomplished by default (refer to ‘‘Defaults’’ paragraph below), or by 
the function of two control characters which may be processed while in Label Mode: 


invokes the currently-designated Alternate font; 
@) invokes the currently-designated Standard font 
Defaults 


If the parameter is omitted in a LABEL FONT. instruction, values of 0, 0 are assumed. 


Initialize operations automatically designate Font No. 0 as both the Standard and Alternate 
fonts, and invoke selection of the Standard font for label processing. 


Out-of-Range Error 


If the LABEL FONT instruction specifies a font which is not available {i.e., either of the 
component values of <MBP> are greater than 5), the corresponding font designation 
remains unchanged, and an “‘out-of-range” error is generated in the plotter. 
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Macro Instruction Group 


Macro Instruction Define 


©) (+) [<sBN>[<PDs>]] (2) 


‘= 
<SBN> Assigned macro number 
<PDS> Graphic data string to be stored in RAM 


Default: © GC) <SBN> @) Erases macro stored under 


assigned macro number 


@) Macro terminate 
| Default: ©) C) @) Erases all stored macros 


Description 


The graphic data and instructions to be stored in user RAM under the assigned macro 

number are defined between the assigned number and the macro terminate byte. Within 

the macro, the Label Mode, if invoked, must be terminated before the macro terminate 
is sent. 


A macro can be used to invoke, but not to define other macros also, it cannot be used to 
invoke itself either directly or indirectly through other macros. When a macro is accessed 
but no new graphic data string is sent, the macro previously stored under that macro num- 
ber is erased. 


When a macro define instruction is sent without a macro number and graphic data string 
then, all macros stored in RAM are erased. 


As macros are erased, the memory space that they had occupied becomes available again 
for input buffer data. Similarly, as macros are defined, the available data buffer space 
is reduced. 


It is better to define macros which consist of whole graphic instructions although, it is 
not mandatory. 


Instruction Set 


Macro Instruction Invoke 


G) <SBN> 


<SBN> Assigned macro instruction number 


Description 


Initiates the execution of a previously defined macro. RAM is searched first for the desig- 
nated macro. If it is not found there, the optional plug-in ROM is searched. If no such 
macro is found an error indication will result. 


NOTE 


Macro number O is automatically searched for during the 
plotter power-up sequence and, if found in the plug-in 
ROM, it is invoked. 
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Automatic Macro Instruction 


©) (#) [<sBN>] 


<SBN> Macro instruction number (O — 63) 


Default: Qe) Automatic mode is terminated 


Description 


This instruction causes the specified macro to be automatically invoked upon completion 
of each arc and vector plot. 


Automatic macro cannot be invoked within an automatically invoked macro, not even to 
terminate the automatic macro mode. 


If the specified macro does not exist in memory, the Error lamp will light. Refer to Output 
Error Instruction. 


To terminate the automatic macro mode, send the Automatic Macro instruction without 
specifying a Macro number ( ©) }i 


Instruction Set 


Paper Advance Group Instructions 


General 


These instructions pertain only to the 72215 Plotter which has automatic paper advance, 


The paper advance option is “on” if the “out-of-paper" sensor (microswitch} indicates 


roll paper is loaded, otherwise the paper advance option is “off’’. 


NOTE 
\f these instructions are sent to a 7221B, all instructions are 
processed as if the paper advance option were ‘off’. 


Cutter Enable 


:O@ 


DEFAULT: At plotter power-on, cutter is enabled. 


Description 


This instruction turns the cutter on and illuminates the CUTTER ENABLE lamp. If the 
cutter is already on, this instruction is ignored. The state of the cutter is independent of 
the state of the paper advance option, but has no effect if the paper advance option is off. 
lf the cutter is on, the paper is cut when it is advanced either a full page or a half page. 
The location of the cut is along the line which coincides with the left edge of the platen at 
the time of the paper advance command. 
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Cutter Disable 


O© | 


Description 


This instruction turns the cutter off and extinguishes the CUTTER ENABLE lamp. If the 
cutter is already off, this instruction is ignored. 
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Advance Full Page 


Description 


This instruction causes roll paper to be advanced one full page. If the cutter is on, the 
paper is cut along the line which coincides with the left edge of the platen at the time of 
the advance full page instruction. When the advance option is off (out-of-paper), execution 
of this instruction causes error 4 to be set. Error 4 is also set if the out-of-paper sensor 
indicates no paper after completion of an advance. 
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Advance Half Page 


Clic a 


Description 


This instruction is identical to the ADVANCE FULL PAGE instruction except that roll 
paper is advanced a half page. 


Instruction Set 


Implementing the Paper Advance Group 


The flowchart shown in Figure 10-8 suggests one method of implementing the paper ad- 
vance group instructions in combination with the OUTPUT EXTENDED STATUS instruc- 
tion in a graphic program. 


wise (OC) 


READ 
BUFFER SIZE 


Ee (OOO 
Burren () 


INSTRUCTION 
TEHMINATOR 


ADVANCE 
FULL 
PAGE 


MAIN 
Bcoy 


OF 
PRUGRAM 


OPERATOR 
MANUAL 
INTERVENTION 
AND REPONSE 
ADVANCE 


FULL OR, 
HALF PAGE 


Extended status need nat te retrieved 
and processed here, iF next program fol 
lows same format, (n this way, “connect” 
time an computer for this program can be 
reduced. 


Figure 10-8. Implementing the Paper Advance Group 
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Chapter 11 


Interfacing The Plotter 


Introduction 


This chapter contains the following discussion: 


General Information 

Data Connectors 

interface Wiring Designations 
Electrical Signal Characteristics 
Control Line Protocol 
Transmission Errors 

Stop Bits 

Output Baud Rate 
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General Information 


The 7221B and 7221S Plotters are designed for use in either remote interfaced computer 
systems via a modem or with hardwire connections to the host computer, The Plotter is 
connected in series between the computer and the terminal as shown in Figure 11-1. 


DATA 
COMMUNICATION 
CHANNEL 
gor eS 
ra *% 


4 


HOST 


COMPUTER 


RS-232-C 
INTERFACE =| 
CABLES 


GRAPHIC PLOTTER 


Figure 11-1. Typical Plotter Installation 


Data is exchanged between the equipment as defined in the Electronic Industries Associa- 
tion (EIA) Standard RS-232-C and the International Telegraph and Telephone Consultive 
Committee (CCITT) Recommendation V.24. 


The above Standards apply to the interconnection of data terminal equipment (DTE) and 
data communication equipment (DCE) using serial binary data interchange. 
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Data Connectors 


The Plotter rear panel contains two female RS-232-C/CCITT V.24 connectors. (Refer to 
Figure 2-1.) The upper connector is used to interface the Plotter with a terminal, and the 
lower connector is used to interface with a modem. A male-to-male interface cable {HP 
Part No. 07221-60157) is provided as a standard accessory for interconnection purposes. 
The pin arrangement and wiring color code for the above cable and connectors is shown in 
Figure 11-2. Note that all wires are wired straight through between the cable connectors. 


SCB SCF eF AB CC cB CA BB BA AA 


O13 O12 O11 O10 O08 O8 OF O68 OF O4 O38 O2 O1 


O25 024 023 022 O21 O20 O19 O18 O17 O16 O18 O14 


DA CH/cl CE CG CD SCA DD SBB DB SBA 


COLOR CODE 


COLOR 
WHT-BLK-BRN 


WHT-BLK 


WHT-BRN WHT-BLK-RED 


WHT-BLK-ORN 


WHT-RED 
WHT-ORN 
WHT-YEL 


Figure 11-2. Interface Connector and Wiring Color Code 
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Interface Wiring Designations 


The EIA RS-232-C Standard defines the 25 wires and their respective signal functions that 


are used to interface the Plotter with the Data Terminal/Host Computer. 


Note that only 


seven basic wires are connected to the Plotter’s internal circuitry. The remaining wires by- 
pass the Plotter by being hardwired between the MODEM port (connector) and the TER- 
MINAL port on the rear panel of the Plotter. These seven basic wires and their respective 
signal designations are shown in Table 11-1. 


Table 11-1. ElA RS-232-C and CCITT V.24 Interface Data and Control Lines 


(Data Channel 
Received Line 
Signal Detector) 


to tell the plotter that 
the modem is in commu- 
nication with the host 
computer and detects 
the carrier signal. 


Circuit Function 
Wire/Signal 
Name RS-232-C CCITT Modem Terminal 
Transmitted BA 103 Outgoing data from the Incoming data to the 
Data plotter. plotter from the 
terminal, 
Received BB 104 Incoming data to the Outgoing data from 
Data plotter. the plotter to the 
terminal. 
Request to CA t 105 Plotter activated, tells Terminal activated, tells 
_ Send the modem to prepare the plotter to prepare to 
: to receive and retransmit receive data from the 
data from the plotter. terminal, 
Clear to cB ¢ 106 Activated by the modem Activated by the plotter 
Send (Ready to tell the plotter that it to tell the terminal that 
for Sending) is ready to receive and the plotter is ready to 
retransmit data from receive. 
the plotter. 
Data Set cc 107 Activated by the modem Activated by the plotter 
Ready to tell the plotter that to tell the terminal that 
the modem is operational. _ the plotter is operational. 
Data Terminal cD 108.2 Plotter activated to tell Activated by the terminal | 
Ready the modem that the plot- to tell the plotter that the 
ter is operational. terminal is operational. 
Received Line CF 109 Activated by the modem Tied high (to simulate 


a modem) for terminals 
that require this line to 
be high. 
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Electrical Signal Characteristics 


The signal operating levels employed in an EIA RS-232-C Standard communication channel 


are shown in Table 11-2. 


Table 11-2. Data Communication Signal Logic Levels 


VOLTAGE >+3V but <+25V <-3V but >-25V 
DATA LINES: 
Name Space Mark 
Logic 0 (OFF) 1 (ON) 
CONTROL LINES: ON (true) OFF (false) 


Figure 11-3 shows the simplified equivalent circuits of the Plotter’s input and output. 


6.001 
uf 


RS-232-C 
PLOTTER INPUT IMPEDANCE TL 
OUTPUT (Zin) = 3.55KQ B 
CIRCUIT AB 


SIGNAL GROUND 


WHERE 
Ry ~ The internal DC resistance of the driver. 


ON RECEIVED SIGNALS 
A SPACE HAS A NOMINAL VALUE OF >+19 VOLTS 
AMARK HAS A NOMINAL VALUE OF <+09 VOLTS 


Figure 11-3. Plotter Driver and Terminator Equivalent Circuits 
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Control Line Protocol 


It should be noted that in the ON LINE PROGRAMMED ON MODE, all data generated by 
the Plotter is routed to the modem. Data generated by the terminal is routed through to the 
modem on a non-interference basis so that data being transmitted by the Plotter will not be 
interrupted by terminal data. However, all data generated by the Host computer (and passed 
through the modem) is intercepted by the Plotter and is not passed on to the terminal. 


NOTE 
The above data routing is true unless “Monitor Mode” is active. 
Refer to Chapter 10 for a definition of ‘Monitor Mode.” 


Figure 11-4 is a flow chart representation of the subroutine protocol the Plotter observes 
for Line, Local and Standby modes of operation. Table 11-3 shows the state of the various 
lines during the above modes of operation. 


Table 11-3. Plotter Modes and Line States 


Interfacing The Plotter 


Data Set (Modem) Port Signal Lines 


Terminal Port Signal Lines 


Plotter 
Mode Receive Lines Driven Lines Receive Lines Driven Lines 
Standby Sets Data Terminal 
Ready (CD) High 
{ON) to modem. 
Local Not monitored Sets to Low (OFF} Request to Send Sets to High (ON) 
{CA) is State: 
Data Terminal monitored. 
Ready (CD) ° Data Set Ready (CC) 
Request to Send Clear to Send (CB) if 
(CA) Request to Send (CA) 
is High. 
Transmitted Data | 
{BA} Received Line Signal 
| Detector (CF). 
Line Data Set Ready Data Terminal | Request to Send Sets to High State 


(CC) turns front 
panel data lamp 
on. 


Clear to Send 
(CB) is moni- 
tored if Data 
Set Ready (CC) 
is High (ON). 


Received Data 
(BB) is routed to 
plotter if plotter 
is programmed 
“ON” and 
through plotter 
to terminal if 
“OFF”. 


Ready (CD) is set 
High (ON). 


Request to Send 
(CA) is set High if 
Data Set Ready 
{CC) is High (ON}. 


Transmitted Data 
(BA) is allowed to 
be set High if Data 
Set Ready (CC) 
and Clear to Send 
(CB) are High 
(ON). 


(CA) is 
monitored. 


{f a Break Signal 
is received on 
transmitted data 
(BA) plotter 
generates a 200 


millisecond break j 
Detector (CF). 


on modem Trans- 
mitted Data (BA) 
line. 


Data received is 
sent to host com- 
puter if no out- 
put from plotter 
is pending or in 
progress. 


(ON): 
Data Set Ready (CC) 


Clear to Send (CB) if 


: Request to Send (CA} 


is High (ON). 


Received Line Signal 
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BEGIN PROTOCOL 
SUE-ROUTING 


LIne STANDBY 


€SC.@ 
PND PARAMETER: 
BIT O 


LOCAL 


BUFFER 
SPACE « DATA 
BLOCK SIZE 
Fa 


¥ 
HATA TERMINAL DATA TERMINAL 
READY ICD; SET READY CO} SfT 
HIGH {ON} TO Low (OFFI TO 
MODEM MODEM 


¥ ¥ 


1s 


cata set SET DATA THANSFEN DATA SET 
HEADY (CC) TURMINAL READY IREALY {CC} AND CLEAR TO} 
HIGH (ON) FHOM {CN) LOW (OFF! TO ISENP IB) FROM VOMEM 
MODEM Monet PoRI TO TEHMINAL PORT 
: a 
y ¥ ¥ 
SET REQUFST TO SET REQUFST TO SET REQULST TO [RANGE ERRECUEST. 12 
SEND (CA) LOW SEND iCA} HIGH SENO (CA) LOW SEND (CA) FROM 
(Orr! TO MODEM (ON 70 WODEN (OFFI To mODUM TERMINAL FORT TO 
T 


¥ 


SET DATA TERMINAL 
FARADY ICO} HIGH (ON) 
TO MODEM PORT 


Is 

CLEAR TO 

SEND (CB) HIGH 

(ON) FROM 

MODEM 
> 


Yes 


fh | 


“Inivalized state of bits O and 1 is determined 
by MODEM/HARDWIRE switch only at 
plotter power oa. 

MODEM = 0 
HARDWIRE = 1 


ESC. 
2ND PARAMETI 


BIT 1 


DISAULE DATA 
TRANSMISSION 


ENABLE DATA 
TRANSMISSION 


SET DATA SET 
READY (CC) HIGH 
{ON} TO TERMINAL 


is 
REQUEST 
TO SEND (Cal 
HIGH (ON) FROM, 


TERMINAL 
> 


StT CLEAR TO SEND 
(ca) Low (OFF) TO 
TERMINAL 


SET CLEAR TO SEND 
(CR) HIGH (ON TO. 
TERMINAL 


END OF PROTOCOL SUB-ROUTINE 


Figure 11-4. Plotter Modes Control Line Protocol 
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Transmission Errors 


Depending upon its operating mode, the plotter upon receiving either a framing error or a 
parity error responds as follows: 


RESEWED With the plotter programmed “ON”, status bit 14 (refer to Appendix C) is 
sFROM: set, the defective byte is dropped irore. the buffer and is replaced by the 
DEL (127, 9) ASCII character. The ~e lamp is turned on steady when 

the delete character is encountered in the buffer. The plotter, when 

interrogated will indicate an output error 20. (Refer to Appendix C.} 


With the plotter either programmed “OFF” or, in the STANDBY mode, 
the defective byte is dropped from the buffer and replaced by the DEL 
ASCII character. 


AEEEED The response of the plotter upon receipt of a framing error is the same as 

its response to a BREAK signal. As stated in Chapter 3, the BREAK 
signal aborts output instructions while leaving macroinstructions intact. 
Also, the plotter is turned programmatically “OFF’’. 


A buffer overflow error occurs when more bytes are received by the plotter than the avail- 
able buffer space. Note that the overflowing data is lost, thereby causing status bit 12 to be 
set. In this event, an error marker character overlays the last byte received by the buffer 
which, when decoded, causes error 20 to be set and increments the error counter. Typically, 
this occurs when the handshake mode has not been set. 


Stop Bits 


The plotter automatically verifies/generates two stop bits at the 75 and 110 baud rates and 
one stop bit at baud rates greater than 110, 


NOTE 
Two stop bits can be selected at all baud rates by removing 
jumper wire W1 on Serial |/O PCA 07221-60153 (A2). 


Output Baud Rate 


When the plotter responds to an output instruction, its transmission will be at the baud rate 
set by the rear panel BAUD RATE switch. 
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Label Mode Character Sets (Fonts) 


the label mode. 
to Appendix D. 


Appendix A 


Format Affectors 


The following list of ASCII characters are used as format affectors when the plotter is in 


For a complete fist of ASCII characters and their plotter functions refer 


ASCII 264X DECIMAL 
CHARACTER KEYBOARD CODE FUNCTION 

BS CNTLH 8 Backspace 

HT CNTL | 9 Half-space forward 

LF CNTL J 10 Line feed 

VT CNTL K 11 Inverse line feed 

FF CNTLL 12 Set label origin 

CR CNTLM 13 Carriage return 

so CNTLN 14 Select Alternate Character Set 
Sl CNTLO 15 Select Standard Character Set 
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Character Sets 


ODE ASCII ASCII EUROPEAN SCANDINAVIAN AMERICAN SYMBOLS 
33 K t | | | 
34 : ’ " 

35 # # £ £ d # 
36 $ $ $ $ $ $ 
37 pA v4 % % Zs yA 
38 & & & & & & 
39 ; , ; 
AQ € € ¢ G ¢ ¢ 
Al > d ) 3) ) ) 
42 

43 + + + + 

44 ; . 
AS = = Rat = = _ 
46 . . z F : 

47 f vA 7 re vA / 
48 Q 7) B | 4) 4) 
49 1 1 1 1 1 1 
58 2 e 2 2 2 2 
Spl 3 8 3 3 3 3 
52 4 4 4 4 4 4 
Sle; 3 5 Ba) 5 5 5 
54 6 6 ia) 6 6 6 
55 7 7 m3 7 7 7 
56 8 8 8 8 8 8 
37 3 g 9g g 9g g 
58 : 4 " z 

39 : 3 3 : : ; 
62 < < < < < < 
61 = * 2 2 - 2 
62 


fe) 
a 

wv 
ov 
wv 
wv 
wv 
wv 
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Character Sets (Continued) 


SET 4 
SET O SET1 SPANISH/ SETS 
DECIMAL ANSI 9872 SET 2 SET 3 LATI GRAPHIC 
ODE ASCII ASCII EUROPEAN SCANDINAVIAN AMERICAN SYMBOLS 


64 
65 
66 
67 
68 
69 
72 
71 
72 
73 
74 
75 
76 
77 
78 
79 
82 
81 
82 
83 
84 
85 
86 
87 
88 
89 
92 
91 
Ge 
93 
94 
95 


()) 


@ 


o 


> 


GHEeEATMMON wo > 


M ® WX N HM 6 © KX + 


% 


SY ON KK SK CHM DOVE ZFEFRGATOMMOAMDS @ 


—|] ZI NX KEK CHM DOVUEAZ ZT ROH TAaDMmMoow2re 
2A N XM EK CHMAOVOSEOZZEF RYH TAMAMOVOTz@ 
“Sum NKXK BE KCHnMnwaovd8seZzezi 


Be mMOANK KE KCAM DH VEOZ EF RGH ETO MMOOWrze 
rey aAnNnnx~ xX Ss CAM a 


> 
? 
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Character Sets (Continued) 


SET5 
GRAPHIC 
SYMBOLS 


SET 4 
SPANISH/ 
LATIN 


SET3 


SET2 
EUROPEAN SCANDINAVIAN AMERICAN 


DECIMAL 
CODE 


96 
97 


U oa How k et VA tFOeWN HH te bt DO > BEX RNY LA? 
oD 2G ML aA DX A coadauvgtlL HH Pp D> FX NN 
a } rg 
00D 0G MO WDE a CcoavutcC Hw D> FXDW” Rs : F 
OT OF Ml nw DY A co OT G 0 PD > BE KOR Mes ; : 
OD OE Mf ANDY ws £0 Q-7-4 0 P D> eB KANN Bb Tt ‘ 
OD 0G ML aA DKA £0 82-50 0 ~».D°> BK AN Ww LD A 2 
QenvNnotnNnNonr ow Nat narsrnNnNonrwodoaavwaranvnnwtwy o 
22e2 oS S555 So fsteia net aS 
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Binary Coding Table 


Device Control Instructions Bits: 7 654 321 
ESC 0 1 1 

. fe | fe) 1 1 1 0 

“CG Cc Cc Cc C c c 


Graphic Instructions 


First Order 1 toa oe (orm OME ©) 
Second Order ~ 1 1s 4 rn ) 
*c Cue «& c cc 


Numerical Parameters 


SBN—Single Byte Number *C N N N N N WN 
Range: @ta 63 
Structure: 1 byte 


MBN—Multiple Byte Number @to1S 1 1° ON N N WN 
Range: @ to 32767 
Structure: 1 to 3 bytes @ to 1023 1 1 0 N N N WN 
*C N N N N N N 
@ to 32767 1 1 Qo.660 N N WN 
*c N N N N N N 
iO; N N N N N WN 
MBP—Multiple Byte Pair of Numbers Gto3 1 1 0 xX x Y Y 
Range: @ to 16383 for each number 0t0 31 ; : iu x x xX 
i 
Structure: to 5 bytes total 7° eet? yyy 
@ to 255 1 1 +O) 3X x xX xX 
“Cc xX XX xX xX YY Y 
“Cc 5 ae Came ba a A 
@ to 2047 1 A. 0) Oe xX xX XxX 
*c xX XX xX xX MK xX 
“Cc x YY Y Y Y Y 
*c NS 5 * Ay: Yyv ey 
@ to 16383 1 1 Qo xXx xX X X 
“¢ xX xX X x X Xx 
“C x x*X X xX Y Y¥ 
“Cc 5 ae A Yo CY OY. 
*¢ Y Y Y MW <e¥ 7 GY 
PMB—Pair of Multiple Byte Numbers -16 to 15 1 o Xx xX x x xX 
Range: -16384 to 16383 for each number (o} 1 er Y Y Y¥ 
Structure: 1 to 3 bytes for each number 
$12to 511 1 oO x Xx xX X X 
2 to 6 bytes total 1 ox x x x xX 
QO 1 Y Y Yoioy 
a 1 yY Y ¥> Ne o¥ 
-16384 to 16383 1 Oo x xX xX xX X 
1 o x xX x x xX 
1 oO x Xx Mec, OK 
Q 1 vy, 5 a 
0 1 Y Y YOON OY 
ie} 1 ae Me ONS ON: 
MBA—Multipl A 
‘A-Multiple Byte Angle 180° 225° a? ae Se 
2 bytes = 0.352° 11,25° to 0.352° “Cc A A A A A A 
3 bytes = 0.005" 0.176? to 0.005" *c A A A A A A 
Structures: <1:t0:3,bytes First Byte Second Byte Third Byte 
Bit 3 = 180° 1.25° Bit 5 = 0.176" 
“Identifies control bit 6 Bit2= 90° Ita = 19,03., Bit 4 = 0.088" 
that is the complement Bit1= 45° | Bit3= 281° Bit 3 = 0.044" 
of bit 5 BitO= 22.5 Bit2= 1.41 Bit 2 = 0.022 
; Bit 1 = 0.703° Bit 1 =0.011° 


BitO= 0.352° Bit 0 = 0.005° 
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Appendix C 
Plotter Status And Error Codes 


Output Error Types 


To Acquire Use sc) G) G) 


DESCRIPTION 


No errors. 
Invalid byte received when graphic instruction expected. 
Invalid byte received following a C) in a graphic instruction. 


Invalid byte received following the in a device control instruction. 


Out of paper or paper advance option is ‘off’ when either CX) or CX) 


instruction is received. 

Missing parameter in an INCREMENTAL MOVE or DRAW, or DASH LINES instruction. 
Parameter out-of-range. 

Too many bytes in a multi-byte parameter. 


Too many space/dash parameters in a DASH LINES instruction or too many <ASC> 
parameters ina SET OUTPUT MODE or SET HANDSHAKE MODE instruction. 


Not Used. 

Output instruction received while another output instruction is executing. 
A LABEL instruction contains a character with an oversize vector. 

Not Used. 


An AUTOMATIC MACRO instruction has been encountered in an automatically invoked 
macro, 


An AUTOMATIC MACRO instruction has specified a non-existent macro. 

A MACRO INVOKE instruction has specified a non-existent macro. 

A MACRO INVOKE instruction has attempted an invoke of itself . 

A MACRO DEFINE instruction has been attempted within a MACRO DEFINE instruction 
A MACRO DEFINE instruction defines a macro which is bigger than the available space. 
A transmission error has occurred ina MACRO DEFINE instruction. 

A transmission error has been detected in a graphic instruction. 


An internal error has been detected. ERROR lamp is flashing. 


Output Status Word 


To Acquire Use sc) G) ©) 
DECIMAL 


BIT EQUIVALENT DESCRIPTION 
— PEN CONDITIONS — 


4 Pen Up/Down (0/1) 


WN -— o 
os 


0 OQ O No PEN SELECT instruction since power on; no pen in holder. 
O O 1 Pen 1 most recently selected. 
0 1 O Pen 2 most recently selected. 
0 1 1 Pen 3 most recently selected. 
1 0 O Pen 4 most recently selected. 
4 16 Pen stall 1 empty/occupied (0/1). 
5 32 Pen stall 2 empty/occupied (0/1). 
6 64 Pen stall 3 empty/occupied (0/1). 
7 128 Pen stall 4 empty/occupied (0/1). 
— OPERATIONAL STATES — 
NO=0 YES=1 
8 256 Front panel being serviced. Graphics suspended until done. 
9 512 Pen position out of limits. OUT OF LIMITS light on steady. 
10 1024 Macro instruction is being defined and stored. 
— ADVISORY CONDITIONS — 
NO=0 YES=1 
11 2048 Plot variables have been altered by front-pane! controls. 
12 4096 Data buffer has overflowed or has been aborted. 
— ERROR CONDITIONS — 
NO=0Q YES=1 
13 8192 Input error detected. ERROR light is on steady. 
14 16384 Transmission error has occurred. 


15 -32768 Internal error has occurred. ERROR light is flashing. 
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Appendix D 


ASCII Code Table 


PLOTTER 
USAGE 


SC ¢©@ SET PLOTTER CONFIGURATION Instruction 
SC © A OUTPUT IDENTIFICATION Instruction 

SC #B QUTPUT BUFFER SPACE Instruction 

SC © C OUTPUT CURRENT POSITION Instruction 
SC #D OUTPUT DIGITIZED POINT Instruction 

SC ® E OUTPUT ERROR Instruction 

SC ® F OUTPUT STATUS Instruction 

SC © G OUTPUT GRAPHIC LIMITS Instruction 


SC #H SET HANDSHAKE MODE 1 Instruction 
SC #1! SET HANDSHAKE MODE 2 Instruction 
SC e J ABORT DEVICE CONTROL Instructions 
SC ® K ABORT GRAPHIC Instructions 

SC #L OUTPUT BUFFER SIZE Instruction 

SC #M SET OUTPUT MODE Instruction 

SC @#N SET EXTENDED OUTPUT AND HANDSHAKE MODE Instruction 
SC #©O OUTPUT EXTENDED STATUS Instruction 


/P LABEL FONT Instruction 

/OQ FIXED DASH LINES Instruction 

~R VARIABLE DASH LINES Instruction 
'S SET GRID SIZE Instruction 

-T ARC TOLERANCE Instruction 


-V VELOCITY SELECT Instruction 
-W SET GRAPH LIMITS Instruction 


\ SET STRING TERMINATOR Instruction 


_. INITLALIZE Instruction 


First Byte of MBA, MBN, 
and MBP Parameters 


| MOVE Instruction 

| DRAW Instruction 
INCREMENTAL MOVE Instruction 
INCREMENTAL DRAW Instruction 
ARC CLOCKWISE Instruction 

| ARC COUNTERCLOCKWISE Instruction 
PEN SELECT Instruction 

vy ROTATE Instruction 


,OTATE AT LAST ANGE Instruction 

Jo Operation 

AACRO INSTRUCTION TERMINATE 
AACRO INSTRUCTION INVOKE 

Jo Operation 

Yo Operation 

‘irst Character 2nd Order Graphic Instructions 
\lways Ignored 


eye earn nee nesy 


peo 


ee 


o Ore Ore Ore Or Orordede OoOrorOorOr Or OrOr-Or Oo-Or-O0r-0r- On-Or-Or-O0r- O-Or-O0r-0r- OrOrOrOe 
w | OOK K—OOR RK CORK DORK CORK OOK K CORK OOF RK CORK OOR RK COP KF OOR RK CORK OOK-K COOK KF OOK 
Ww N oo000CRF eee oeoceCOKeNee- oo0ocdceeer- oe0ocere re O000O3Kreee CO0COKr Kee ecCooceerere oeo0coeerere 
EF 
- o oooo0o000o eerrrreres eococo000 werewrwr ewe ocococeoo weerererrere oo000000 w3wrwrr rere 
z wt ' cooo00cono eoooc0osce Pee Se wreeereree eo00000o ecoecoooo Pose e= s5, 990 Go 85 weerrerereee 
2/M;)C9eCCSF0DDO ACOSC0ST0SCOD SCO00DCDO SCOCO0COCO KFerrrerre ePererrerre werrr rer rer Ker eee ee 
oO 
wWlererere ere Cee er eer Pere rr eR Perr rr eer rere rerrr errr rer er eerrrerrr creer ere 
pe oo000000co0 oo000000 eoooc00°0ne ececoeccoo0o ecoooococe ecoooceoce ecooco000eo ececooocco 
a eee 
a 
< Or-AMTDOR OKNMTNOR CHAN THOON Oramysoor OK NMOTHWON OK AMTHON Ooranngnor CK NNTWON 
OF. (et ie ee ee ee ee See ee ere See eae 
6 
‘ol 
< 
= THOORNOHOK NOTMONR AMD OK AMTHON OBmHOengnysTHo ORnDMWQDOonr AM TOOROAHDO- NMTDORODD OoOraMrThwon 
Oo OODOOORR RRA RAR RRR annnmwmna DODMHDADH OHODROCOS eoco°ceoe.}- See Ss NNANNNNA 
Ww 
a 
a 
c 
xt 
+O 
oa 
N> 
w 
4 
$2 |@emvnwug T-5¥I520 ageuroa>e x>Nee-o<| © waeDeH oD come ESO agen a>8 xanec el 
LG 


PLOTTER 


ie) USAGE 

ie] Null (always ignored} 

1 

0 | Turns Label Mode On {LOCAL Mode only) 

1 Default Label Terminator 

0 

1 Causes Autamatic ACK 

io) Automatic Respanse to ENQ 

1 

ie) Backspace 

1 Half-space Forward 

i¢) Line Feed {Typical Echo Bypass) 

1 Inverse Line Feed 

Q Set Labet Origin 

1 Carriage Return (Default Output Terminator) 

O | Select Alternate Character Set 

1 Select Standard Character Set 

ie} 

1 Typical Output Trigger Character 

io) 

1 

i¢) 

| 

i?) 

1 

0 

1 

Q 

1 First Character of Device Control Instructions 

ie) 

1 

0 

1 

i¢) 

1 

i¢) 

1 ~ # AUTOMATIC MACRO Instruction 

i¢} 

1 ~ % LABEL SIZE Instruction 

a 

1 ~ ? LABEL MODE ON Instruction 

Q | ESCe( PLOTTER ON Instruction / ~ ( CUTTER ENABLE Instruction 

1 ESC ©) PLOTTER OFF Instruction / ~ } CUTTER DISABLE Instruction 

QO | ~ * MACRO DEFINE Instruction 

1 ~ + ADVANCE FULL PAGE Instruction 

ie} 

1 ~ - ADVANCE HALF PAGE Instruction 

0 | Second Character of Device Control Instructions 

1 ~ / LABEL SLANT Instruction 

v9) 

1 

Q 

1 

o Only allowed characters in the <ASC> 

0 parameter strings af the SET OUTPUT 

1 MODE and SET HANDSHAKE MODE 
1 and 2 instructions 

Q 

1 

ie) <ASC> String Terminator 

1 <ASC> String Delimiter 

19) 

1 

19) 

1 


t 


BINARY BITS 


ASCII 264 
CHAR. KEYBOARD DECIMAL | OCTAL 7 6 5 4 3 204 
NULL CNTL@ 0 000 00 ooo 0 
SOH CNTLA 1 001 00 000 oO 
STX CNTLB 2 002 00 oao oO 
ETX CNTLC 3 003 oo 000 0 
EOT CNTLD 4 004 00 ooo 1 
ENQ CNTLE 5 005 oo aoo1 
ACK CNTLF 6 006 00 ooo 1 
BEL CNTLG 7 007 00 000 1 
BS CNTLH 8 010 00 001 00: 
HT CNTLI 9 011 00 oo1 Oo OQ: 
Le CNTL J 10 012 00 001 01: 
VT CNTLK 11 013 og 001 o1 
FF CNTLL 12 014 oa oo1 1 0: 
CR CNTLM 13 015 00 oo01 1 
so CNTLN 14 016 00 001 1 
SI CNTLO 15 017 090 oo41 My ave 
DLE CNTLP 16 020 og 010 0 0O- 
0C1 CNTLQ 7 021 0060010 00 
oc2 CNTLA 18 022 oo o1 0 O01 
Dc3 CNTLS 19 023 00 010 01. 
Dc4 CNTL T 20 024 Oo 0 o1 0 1 0- 
NAK CNTLU 21 025 00 010 10 
SYN CNTL V 22 026 ooo 010 1 1- 
ETB CNTLW 23 027 oo 010 1 1- 
CAN CNTL Xx 24 030 00 011 00 
EM CNTL Y 25 031 00 o4141 00a 
SUB CNTL z 26 032 00 011 01 
ESC CNTL [ 27 033 oOo [: ee ae | 01 
FS CNTL\ 28 034 00 01? 10 
Gs CNTL ] 29 035 oo 017 10 
RS CNTL ~ 30 036 0 0 o14d1 ‘| 
US CNTL _ 31 037 oo o11 1414 
SP 32 040 00 100 Oo; 
! 33 041 00 100 oo} 
“ 34 042 00 100 01 
# 35 043 00 100 013 
$ 36 044 00 10010 
% 37 045 00 100 10 
& 38 046 00 10011 
, 39 047 00 100 11) 
( 40 050 oo 101 oo! 
) 41 051 00.8101 00! 
+ 42 052 00 401 01 
+ 43 053 0oo.6101 01 
: 44 054 00.6101 =10; 
- 45 055 00 101 #10; 
: 46 056 0oo.6061014 441 
! 47 057 oo 101 1441 
0 48 060 oo 110 oOo, 
1 49 061 oo 8110 00! 
2 50 062 oo 861140 01: 
3 51 063 00 8110 O14. 
4 52 064 oo 8641140 10, 
5 1 53 065 00 110 710, 
6 | 54 066 oo 171011 
7 | 55 067 oo 841140 114, 
8 56 070 oo 1114 00: 
9 57 o71 00 111 O00; 
: 58 072 oo 411 01 
; 59 073 00 4147 04; 
« 60 074 00 111 #71 0; 
. 61 075 00 117 10; 
> 62 076 00 141141 114 
? 63 077 000 4 4a SG 


317 


Appendix E 


» Control And Graphic Instructions 


21 Group 


wn On COO 
" © 
a ©) 
“ OO 
ero 


ro Instructions Group 


istruction Invoke () 
tic Macro Instruction ©) @) 


1g Terminator 


wstruction Define 


[<STRING> ] <TERM> 


ASCII Characters String Terminator 


[ <MBP> ] 
Standard/Alternate Character Sets 


[ <MBP> ) 
Character Width/Height 


[ <MBA> } 
Slant Angle 


(<MBN> ] 
Label String Terminator 


| <sen> [<eDs> 1] 


Macro Number Graphic Data Terminate 


<SBN> 
Assigned Macro Number 


[<SBN> ] 
Macro Instruction Number 


er Advance Group (7221S Only) 


m OO 
™ OO 
OO 
OO 


> Full Page 


> Half Page 


Abbreviations 
DEC — Decimal 
ASC — ASCII Encoded Digit 
MBA — Multiple Byte Angle 
MBN ~ Multiple Byte Number 
MBP — Multiple Byte Pair of Numbers 
PMB — Pair of Multiple Byte Numbers. 
PDS — Plot Data String 
SBN — Single Byte Number 


TERM — Label Terminate Character 


Device 


Graphic Instructions 


Labe 


(=) Label M 


) (w) [<meP> [ <mBP> 1] 


Lower Left X,Y Upper Right X, Y Label Fi 
) (s) [ <MBP> ] 
X max, Y max Label Si 
) @) [ <SBN> ] 
Po Velocity cm/sec Label S! 
( <SBN> ] 
Max Deviation Set Strir 
| [ <SBN> J Mac 
Pen Number 
Macro Ir 
[ <mpP> [i<mep>)]| 
Pen Up End Points Pen Down End Points 
Macro li 
' [ <<mer>> | 
Pen Down End Points 
Automa 
[ <PMB> ({<PMB>}] } 
Pen Up End Point Pen Down End Points 
[x <eme>}] Pap: 
Pen Down End Points 
Cutter E 
[<mBn> [<MBA> [ <MBA> jj} 
Arc Radius Start Angle Stop Angle Cutter C 
(@) Advancr 
[{<sen>} <MBN> | 
Pattern Definition Pattern Length 
Advance 
[ <MBA> ] 


Angle of Ratation 


ons 


) [<ASc> ] G) 1 <ase> ] G) [<ase> I] G) 


Echo Terminate 


Output Terminator 


{<asc>}] @) 


Handshake String 


a 
© 


<pen number> 
In Holder 


{ <asc>}] 


Immediate Response String 


(<asc>]] 


Configuration Options 


Output Terminator 


@ 
©) 


Setup Group 


Initialize 


Set Graph Limits 
Set Grid Size 
Velocity Select 


Arc Tolerance 


Plot Group 


Pen Select 

Move 

Draw 

Incremental Move 
Incremental Draw 
Are Clockwise 


Arc Counterclockwise 


Fixed Dash Lines 


Variable Dash Lines 


Rotate 


Rotate at Last Angle 


QA 


0) 


< 


HAD OHM OOOO ® © 


Device Control Instructi: 


1/O Control Group 


rot On @OO | 


Plotter Off S) © QC) 
Set Output Mode €s0) GC) (™) [t<peec>1 G) [ <ase> ] GE 


Turnaround Delay (mS) Output Trigger t 
Set Handshake Moda 1 €s0) ©) (*) 
(Per Output Mode) [Ixpec>) G) I <ase> 1] Gy 


Block Size (Bytes) Handshake Enable 
Set Handshake Mode 2 €s0) SS @) : 
Set Extended Output and €s0) > (x) [t<pec>) 
Handshake Modes 


Delay Between Output Characters (mS) 


Set Plotter Configuration €s0) 6) [I<pec>1 ! 


Maximum Buffer Size {Bytes} 
Abort Device Control Instructions €s0) eS ©) 
Abort Graphic Instructions €s0) ©) («) 


Output Group 


PLOTTER RESPONSE 


Output Identification €s¢) CG) (@) 7221, <date code>, <ROM option> 


Model Firmware Plug-In 


Output Buffer Size €s) CG) @) <bytes> 


0 to 1128 (0 - 3056 Option 001) 


Output Buffer Space €s0) G) <bytes> 


0 to 1128 (0 - 3056 Option 001} 


Output Status €s9) @ C) <status> 


16-Bit Word 


Output Error €s0) ©) () <type>, <byte>, <quantity> 


{See Appendix C) 


Output Graphic Limits €s0) GC (s) <X min>, <¥ min>, <X max>, <¥ max> ' 


Lower Left Upper Right 


Output Current Position €s0) G) (e) <X position>, <Y position>, <pen> 4 


Pen Coordinate Pen Coordinate Up/Down (0/1) 


Output Digitized Point €s9) G) ©) <X position> , <Y pasition> , <pen state> ,- 


Point Coordinate Point Coordinate Up/Down 


Output Extended Status €sc) CG) (0) <status> 


2-bit status word in the range of O to3 


EUROPE, NORTH AFRICA AND MIDDLE EAS! 


UNITED STATES 


AUSTRIA 
Hewlett-Packarg Ses m.b.H, 
Hanoelscas 52 

PO. Box 7 

4.1205 Vienna 

Tel; 351821 27 

Gable HEWPAR Viera 
Telex: 78923 hewpak ¢ 


BAHRAIN 
Mecical Outy 

Wael Prarmacy 

Pd. Sox 628 
Bahrain 

Te 54886 $6123 
Tex 6550 WAEL 6. 
Cable WAELPHARM 
Analytical Qnty 

AL Haridiya Trading 
and Contracung 

PQ Box 2007 
Manama 

Tel 259978 269953 
Teleg” BBS KALO.A 6. 


BELGIUM 
HewletPackard Baneux 
SAAY 

Avene du Col-Vert 
1Stoenkraaglaar ) 

8-1170 Brussels 

Ta: (02) 660 $0 50 
Caplin: PALOBEN Brussels 
Tolex. 23-494 paloben bu 


eyPAUS 
rece 
Gragonos Xeropoulos Steet 
9) Bow 1182 
Nicosia 
Tel: 48628,29 
Gane" Kypronies Pandenis 
“elon: 3618 


CZECHOSLOVAKIA 
Yyvojova a Frovosni Zakhadna 
Vyzaurinych Jstavu ¥ Gachovicich 
C5SR-25007 Bechovice u 
Tol 69 338° 

Telex: 12133 

lrsttute of Mecical Brontcs 
‘yskamny Jstay LenarskeyBniky 
aleve 

cs-a8346 
Bratigiave-Kramer 
Tel, 4251 

Telex 99229 


0A 
Ertwizdungslabo" der TU Oresden 
Forscnungansttat Meinsterg 
OR-730 

Waldheim Meinsborg 

To. 9? BG? 

Tole $18741 

Export Contact AG Zuerich 
Guenther Forgbe" 
Schingelstrasse 18 

“040 Berlin 

Tel: az-7at2 

plex 111888 


OENMARK 
Howlatt-Packara AS 
Datave) 52 

OK-3460 Birkerod 
Tel: 102) 81 66 40 
Cable HEWPACK AS 
Tela 37409 nas dk 
Hewient Paciard AS 


Naverve) | 
0K-8600 StIkeborg 
“el. 6) 82 71 66 


Tolae 47409 npns ak 
Cable HEWPAGK AS. 
EGyeT 

LEA 

Internanonal Engineers 
24 Mussel Mega: Street 
Kasr-ataird 


Associates 


Cah 

Tel 23.979 

‘Telex: 93830 

Cable, INTENGASSO 
SAMITRO 

Sam: Amin Trad ng Oftice 
18 Abdel Aziz Gawis”” 
dine-Calro 

2g32 

SAMITRO CAIRO 


ALABAMA. 
P.O. Box 4207 

8290 Whitesburg Or. 
Huntaviite 35802 
Tel 205} 881-4891 
8933 E Roetuck Bhd. 
Birmingham 35206 
Tes 208) 836-2202 


ARIZONA 
3236 € Magnolia St 
Phoenix asc34 
Tel, (602) 264-1361 
2424 East Aragon Rd 
Tuewan 857 

Tal" (60? ) 889-1661 


“ARKANSAS 
Mecical Service Only 
P.O, Box S646 
Brady Station 

Littia Rock 72215 
Tal: (501) 376-1844 


CALIFORNIA 
(B19 W. Sty Ave 
Freano 99771 
Tel (209) 224-0882 
1430 Fae Orangaorpe Ave. 
Fullerton 92 
Fel 74) 870-1000 
3899 Lankershien Boulevard 
Worth Hollywood 91604 
Tel 23) 07-1282 
TWX" S10-499.267° 
‘5400 West Rosecrans Blvd 
0. Gos 92105 
World Way Pasa Geter 
Lon Angeles 90009 
Jel 213) 776-7500 
TWX: 810.926.6608 
‘Loa Angeles 
Tar gis) f7657300 
3003 Scott Boulavara 
ta Clara 95050 
te 988-7000 

reat 
Tel Bray e4b-0185 
646 W. North Marker Bis 
Sacramento 95836 
Tel B16} 929-7222 


FINLAND 
Hewlett-Packaro OF 
Mankaxausunl § 

0 Box 6 

F-00211 Hatainal 21 
Tat" 0) 8923031 
FRANCE 
Hewiett-Pacea'd Fra7ne 
‘Avenue ces Trap.cles 
Les Ue 

Goite Pos 


Tel: ni 907 Te 

TW, 600088F 

Hewlett-Packard France 

Chemin ces Moulles 

BP 162 

63°30 Eculh 

Tal: (78)33 #1 25. 

TWX M0617 

Howlett Packard France 

Pericerure de la Céniére 

89081 Toulouss-Le Mirail 

Tal61y 40.11 12 

TWR 510987F 

Hewlett-Packard France 

Le Ligoues 

Bureau de venle de Marseies 

Place Roude de Viteruers 

13100 Aix-en-Provence 

Tel 2) 59 4102 

Hewiet-Packard France 

2, Allee d¢ la Bourgnerte 
35100 Rennes 

“ah 9)51 42 46 

TWX. T0912 

Hewlet Packard France 

1B. rue 4u Canal de la Marne 

87300 Schitighaim 

Teh 86183 08 10 

“Wx BSOL41F 
Hewlet-Packard France 
rmauble pancartra 

ie van Gog7 

59650 Villeneuve J sca 

Te. (20) 91 41 25 

TWX. 1601246 
Hewlett-Packard France 
Gureau de Vente 

Centre d ataires Paris-Nord 
Baiment Ampare 

Rue de la Commune de Pans 
BP 366) 

93151 Le Blane Maanil Cédex 
Te: 01/931 88 0 
Hewlett-Packard France 

Ay. Gy Pat <ennedy 

33700 Mariquac 

Tel, 6197 92 69 
Hewlett-Packard France 
France: Evry” immsuble Lor‘ane 
Bo levard de France 

91035 Exty-Codex 

Tet 077 98°80 
Hewlet-Fackara France 

fa) Fue de 
87130 Jouy aux Arches 
Tei, BP} 6945 32 


GERMAN FEDERAL REPUBLIC 
Hewet-Packard Gmby 
YVertniebseentrale Frankturt, 

Berner Strasse 117 

Postfach $80 140 

10-6000 Frenkturt 56 

Tal nto. o4 

Sable HEWPACKSA Frankturt 

Telex: 04 13249 rpitm d 
Hewint-Pachard GmbH 

Techn sones Bute Bobingen 
Hetranberger Swasse 11 

9.7030 Babungan, Murterberg 
Tel: 070 

Sb HEWEREX apbingen 

Telex: 07265799 ben 
Howlen-Packatd GmbH 

‘Technisches Buro Ousseidodt 
EmayuaLeuae:cr 16 


et-Packard Gmbet 
Technisches 8419 Hamburg 
Wandensieasse 23 

0:2000 Hamburg 1 

40} 24 13 


3008 Aero.oone 
©. Box 23333 
San Ologo $2123 
Fel g14h279-3200 

“Tariana 
Tel: B13) 705-3344 


CoLonapo 

$00 OTC Paray 
Englewood 80110 
Ta eao T BaSs 


CONNECTICUT 

1? Lunar Seve 

New Haven 06525 
(203) 989-6551 

Ti 608 3880 

FLORIDA 

P.0 Box 24210 

2727 NW. 62nd Sree 

Ft Laudardese 32309 

Vel: 0S) 973-2600 

4426 Emarson Str 

Unt 103 

Jacksonville 22207 
08) 125 


PO, 10, 
68177 Lake Elienor Or. 
Qtanga 32809 
Te: 25) 858 2900 
8.0. Box 12826 
Suits 8, Bld 
Bice Bark Rareh 
Panascols 32575 
Tel: (804) 476-6422 


GEORGIA 

P.O. Bax 105005 

450 Interstate North Patkay 
Atlanta 30348 

Tol 04) 965-1800 
Madical Sa-vice Only 
“Auguata 30903 

Tes. Os) 736-0892 

P.O. Box 2103 

172 N. Oavis Orie 
Warner Robina'3!09 

Tel: B12) 922-069 
Hawall 
2875 So. Kin 
Honolulu 96826 
Tel: 06 ) 988-4455 


Street 


Cable HEMPACKSA Hamburg 

Telex: 21 €3 032 non o 

Hewlen Packard GmaH 

Technvsches Suto Hannover 
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Modes, Operating ....---..-. 00.0 eee eee eee 60 
Monitor Mode (Bit 3) .. 0.0.0... e eee eee 198 
Move Instruction.........-.00002 eee 269, 317 
Move Instruction, !ncremental ......... 271, 317 
Move, PerformingA ..... 0.0.00 cee eee eee 96 
Move, The Incremental .......... 0000s eee 103 
Multiple Byte Angle (MBA)............. 75, 225 
Multiple Byte Number (MBN)..........- 73, 208 
Multiple Byte Pair of Numbers (MBP)..... 73,212 


Oo 


On Line Programmed Off ...........0.6. 50, 62 
On Line Programmed On........-.-.0--. 51, 62 
ON LINE Pushbutton/Indicator ............. 22 


Operating Modes......-... 0-00: cee eee eee 60 
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Operation, Functional................-204- 69 
Operation, Input/Output..........-..-..-. 175 
Operation With A Computer............--.- 56 
Operation With A Computer/Terminal ........- 55 
Operation With A Modem/Terminal .......... 49 
Operation With A Terminal................. 57 
Operator’s Maintenance. .........--.2--00-- 12 
OUT OF LIMIT Indicator...............-.- 19 
Output Buffer Size Instruction..... 188, 247,317 


Output Buffer Space Instruction. ...189, 248, 317 
Output Current Position Instruction .182, 257, 317 
Output Digitized Point Instruction . .183, 258, 317 
Output Error Instruction.......... 189, 253, 317 
Output Extended Status Instruction .201, 259, 317 
Output Graphic Limits Instruction . .180, 256, 317 
Output Group Instructions............ 246,317 
Output Identification Instruction . . .186, 246, 317 
Output Mode Instruction, Set . .176, 181, 233, 317 
Output Status Instruction......... 187, 249, 317 
Owner's Information,...........0. 00.0000 ee 1 


Pagingsic: « sateen! ants ecaiotdc dancin iets 42 
Paper Advance Group Instructions ..... . 291,317 
Parameter Control Bits.........-.....0085 206 
Parameter Encoding ............0..0-00-- 203 
Parameter Length .......... 02.0 cee eee eee 205 
Parameter TypeS..... 2.0.0 cee eee eee eee 204 
PARITY ODD/EVEN Switch ............... 24 
PARITY ON/OFF Switch................0. 24 
Pein Ati ice aceon cal 5 Giertcece cnides A, boners et Sete ae Glaica te xii 
Pen Controle ccs ev cee eee dee ie eee 37 
PEN DOWN Pushbutton.............-. 0005 20 
Pen Holder ........ 000 cece eect eee xii, 28 
Pert Installation .c4icsce age ee eed ek Ses 

Pen Select Instruction.............-...0.. 268 
Pen Select Pushbuttons................. xii, 23 
Pett SelbetiOQicc. 49 ck hey an eee ees OE LAT 81 
Pen Stable... .. ccc eee eee xii, 23, 29 
PEN UP Pushbutton .........- 000 cee ee aes 20 
PIBIGH ons cea cite eli kad sa8 dw eR ES xii 
Plot Group Instructions................... 268 
Plotter Off Instruction ............ 80, 231, 317 
Plotter On Instruction............. 80, 231,317 
Plotter UAItS 2 .si.0 cee te oa els abt ein aoa wala 86 
Plotting, Suspension/Resumption of.......... 47 
Power Cord Receptacle............. 000000. 26 
POwWer COPS 5 ois if coe ce caer Sree erred ecole 10 
Power Off Mode ...... 0.0.0. e cee eee 49,60 
Power Requirements. .........02.02 eee ee aee 8 
Preparation For Use ........... ce eee eee ee 15 
Programming, Basic Functions .............. 79 


Programming Information, General 59 
Protocol, Control! Line .........-. eee e eee 302 
Resuming Plotting.........0.......2-2-00005 47 
Rotate Instruction............... 146, 275, 317 


Rotate At Last Angle Instruction ...151, 276, 317 


Selecting A Pens fick oe cave hee eee Ras 81 
Set:ButterSize.s sic. agund oda aw Rate trend 197, 317 
Set Extended Output and Handshake Mode 
Instruction .......- 00. eee eee 194, 237, 317 
Set Graph Limits Instruction........ 81, 264, 317 
Set Grid Size Instruction........... 86, 265, 317 


Set Handshake Mode Instruction. . . .191, 236, 317 
Set Output Mode Instruction ..176, 181, 233, 317 
Set Plotter Configuration Instruction 197, 241, 317 


Set String Terminator Instruction....... 282, 317 
Setup Group Instructions ............. 263, 317 
SHIPMENT. {05 a)5. 455 wdsdd, oN agvacd alec eed aae das 13 
Signal Characteristics, Interface............. 301 
Single Byte Numbers (SBN) ............ 73, 207 
Specifications ....... 0. ee ee 3 
Squeezing ..... 0... eee eee eee eee 43 
Standby Mode.......... 0000-0 e cece aes 49,61 
Status Codes ee sccoaty oben scnaiita eee eins 313 
Status, Output... 0... 0. ccc cee ees 187, 249 
STBY (Standby Pushbutton/Indicator)........ 21 
Summary, Manual... .. 0.0... 0000 c cee ee ii 
Suspending Plotting. ....... 0.000. cee eee ee 47 
TERMINAL Connector........-.....05 25, 299 
Terminal, Installation/Operation With. . .48, 54,56 
Transmission Errors... 2.0.0.0 c cece eee ee 305 
u 
Upper Right Control Operation........... 18, 41 
UPPER RIGHT Pushbutton ............0005 18 
Vv 
Variable Dash Line Instruction......... 274,317 
Velocity Select Instruction............ 266, 317 
VOLTAGE SELECTOR Switch ........... 9, 25 
Ww 
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